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CHAPTER 1 

PKiaPATUS 


INTRODUCTION EXTERNAL FEATURES ITABITS RREEDINC — 

AN ATOM Y A LIMENT ARY CANAL NERVOUS SYSTE^M — T1 1 E 

BODY AVALL THE TRACHEAL SYSTEM — THE MUSCULAR 

SYSTEM THE VASCULAR SYSTEM THE BODY (‘AVITY 

NEPHKIDIA GENERATIVE ORGANS — DEVELOPMENT SYNOPSIS 

OF THE Sl'EClES — SUMMARY OF DISTRIBUTION. 

The genus IWipatns was established in 1826 by Guilding,^ who 
first obtained specimens of it from St. Vincent in the Antilles. 
He regarded it as a Mollusc, Inking no doubt deceived by the 
slug - like appearance given by the antennae. Specimens were 
subse([uently obtained from other parts of the Neotropical region 
and from South Africa and Australia, and the animal was vari- 
ously assigned by the zoologists of the day to the Annelida 
and Myriapoda. Its true place in the system, as a ])riniitive 
mem1)er of the group Arthropoda, was first estaUished in 1874 
)»y Moseley,^ who discovered the trache«ie. The genus has been 
monographed by Sedgwick,® who has also written an account of 
the development of the Cape .sjiecies.^ A bibliography will be 
found in Sedgwick's Monograph. 

^ L. Guilding, Molhism car ihbacana: an Account of a New Genus of Mollusca,” 
jCuoI. Journ, vol. ii. 1826, p. 443, pi. 14 ; reprinted in Jais, vol. xxi. 1828, p. 158, pi. ii. 

- If. N. Moseley, “On the Structure and Development of 
Trana. cixiv. pis. lxxii.-lxxv. pp. 757-782 ; and Proc, Ji, S. xxii. pp. .344-350, 1874. 

® A. Sedgwick, “A Monograph of the Genus Periputua^'* Quart. Joum. of Mk. 
Science, vol. xxviii., and in Studies fr&m the Morjdiolotjical Lahorntory of ihs Uni- 
versity of Camhridye, vol. iv. Cf. also p. 28 n. 

* A. Sedgwick, “A Monograph of the Development of Peripa/us capemis,** 
Studies from the Morphological Lahoralory of the University of Cambridge, vol. iv. 
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Tliere can lie no doubt that Periinitus is an Arthropod, for it 
possesses the following features, all characteristic of that • group, 
and all of first-class niorphological importance: (1) The presence 
of appendages modified as jaws; (2) the presence of paired lateral 
ostia perforating the wall of the heart and putting its cavity in 
communication with the pericardium ; (3) the presence of a vas- 
cular body aivity and pericardium (haemocoelic body cavity) ; 
(4) absence of a perivisceral section of the coelom. Tinally, the 
tracheae, though not characteristic of all the classes of the 
Arthropoda, are found nowhere outside that group, and constitute 
a very important additional reason for uniting Peripatus with it. 

Perixiiitus, though indubitaldy an Arthro])od, differs in such 
important respects from all the old-established Arthropod classes, 
that a special class, ecpiivalent in rank to the others, and called 
l^rototracheata, ^Onychophora), has had to be created for it. 
This unlikeness to other Arthropoda is mainly due to the Anne- 
lidan affinities which it presents, but in part to the pri\seuce of 
the following peculiar features: (1) The number and diffusion of 
the tracheal apertures; (2) the restriction of the jaws to a single 
pair ; (?>) the disposition of the generative organs ; (4) the tex-. 
ture of the skin ; and (5) the simplicity and similarity of all the 
segments of the body liehiud the head. 

The Annelidau affinities are superficially indicated in so 
marked a manner by tlie thinness of the cuticle, the dermo- 
mu&cular body wall, the hollow appendages, that, as already 
stated, many of the earlier zoologists who examined Peripatvsi 
placed it amongst the segmented worms ; and the discovery that 
there is some solid morphological basis for this determination 
constitutes one of the most interesting points of the recent work 
on the genus. The Annelidau features are: (1) The paired 
nephridia in every segment of the body l)ehind the first two 
(Saeiiger, Balfour ^) ; (2) the presence of cilia in the generative 
tracts ((Taffron). It is true that neither of these features are 
absolutely distinctive of the Annelida, but when taken in con- 
junction with the Annelidau disposition of the chief systems of 
organs, viz. the central nervous system, and the main vascular 
trunk or heart, may l)e considered as indicating affinities in that 

^ F. M. Balfour, “The Anatomy ami Development of Pcripatus capensis,’* edited 
hy Frofesaor H. N. Moseley and A. Sedgwick, QmrL Jaurn. Mic. ScL xxiii. pp. 
213-259, pis. xiii.-xx. 1883, 
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direction. Peripatus, tlierefore, is zoologically of extreme interest 
from the fact that, though in tlie main Artliropodan, it pc.ssesst's 
features which are ])ossessed by no other Arthropod, and whicli 
connect it to tlie grouj) to which the Arthropoda are in tlio 
general plan of tluor organisation most clostdy related. It must, 
therefore, according to our ])resent lights, lie regarded as a very 
primitive form ; and tliis view of it is borne out by its extreme 
isolation at the j>resent day. Peripatus stands absolutely iilonc 
as a kind of half-way animal l)etween the Arthro]>oda and Anne- 
lida. There is no gradation of structure within the genus; the 
species are very limited in number, and in all of them the 
peculiar features above mentioned are equally sharply marked. 

JWipatiis, thougli a lowly organised animal, and of remark- 
al)le sluggishness, with lait slight development of the higher 
organs of sense*, with (‘yes the only fiuiction of which is to enable 
it to avoid th(‘ light — though related to those animals most re- 
]adsive to tlie a(‘stheti(*. sense of man, animals which crawl upon 
their belli(‘s and sjat at, or poison, th(*ir prey— is yet, strange to 
say, an animal of striking beauty. The ('X(|uisite sensitiveness 
and constantly (‘hanging form of the anttmnae, tlm well-roundcid 
])luin]) body, tlie i‘y(‘s set liki* small diamonds (Hi the side of tlie 
h(*ad, the delicate feet, and, above all, the rich colouring and 
velvety texture of the skin, all combine to give these aiiiiiials an 
as]K‘ct of quite exceptional beauty. Of all the sjiecies which t 
have si‘en alive, the most beautiful are the dark green individuals 
of Chqtnifiis, and the sjiecics which 1 have called BalfourL 
These animals, so far as skin is concerned, are nob surpassed in 
the animal kingdom. T shall never forget my astonishnu*nt and 
delight when on bearing away Ihe bark of a rotten tree-stump 
in the for(‘st on Table Mountain, T first came ujion one of these 
animals in its natural haunts, or wh(‘n Mr. Trimen showed me in 
confinement at the South African Musimm a fine fat, full-grown 
female, a(x*omj)anied by her large family of thirty or inore just- 
born but pretty young, soiife of which were luxurioiuly creeping 
about on the beautiful skin of their mother’s back. 

External Features. 

The anterior part of the body may lie called the head, thoiigh 
it is not sharply marked off from the rest of the body (Fig. 1). 
Tlie head carries three pairs of appendages, a pair of simjde eyes, 
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and a ventrally placed mouth. The body is elongated and 
vermiform ; it bears a number of paired appendages, each termi- 
nating in a pair of claws, and all exactly alike. The nunil)er 
varies in the different species. The anus is always at the 



FiO. 1 . — Periipatua capenaiSy drawn from life. Life size. (After Sedgwick.) 

posterior end of the body, and the generative opening is on the 
ventral surface just in front of the anus ; it may 1)C l)etween the 
legs of the last pair (Fig. 2), or it may l)e behind them. There 
is in most species a thin median white line extending the whole 
length of the dorsal surface of the l)ody, on each side of w'liicli 



Tia. 2. — Ventral view of hind* end of 
P, Novae-ZeiUandicie. (After Sedg- 
wick. ) gy Generative opening ; «, 
anus. 



Fio. — Ventral view of the he.ad of P, 

capenaia. (AUer Sedgwick.) anty 
tennae ; or.py oral papillae ; F,l, first 
leg ; Ty tongue. 


the skin pigment is darker than elsewhere. The colour varies 
considerably in the different species, and even in different indi- 
viduals of the same species. The ventral surface is nearly always 
flesh-coloured, while the dorsal surface has a darker colour. In the 
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South African species the colour of the dorsal surface varies from 
a dark green graduating to a bluish gray, to a brown vary- 
ing to a red orange. The colour of the Australasian species 
varies in like manner, wliile that of the Neotropiwil species (S. 
American and W. Indian) is less variable. The skin is thrown 
into a numl^er of transverse ridges, along wliich w'art-like papillae 
are ]>laced. The papillae, which are found everywhere, are specially 
developed on the dorsal surface, less so on the ventral. Each 
l)apilla carries at its extremity a well-marked spine. 

Tlie appendages of the head are the antennae, the jaws and 
the oral papillae. 

Tlie antennae, which are prolongations of the dorso- lateral 
])arts of the head, are ringed, and taper slightly till near their 
termination, wliere the}’' are slightly enlarged. The rings bear a 
number of spines, and the free end of tlie antennae is covered by 
a caj) of spiniferous tissue like that of the rings. 

The imaith is at the himler end of a depression called the 
buccal cavity, and is surrounded hy an annular tumid lip, raised 
into papilliform ridges and Ijcaring a few spines (Fig. 3). AVithin 
tlie buccal cavity are the two jaws. They are short, stump-liko, 
mus(ndar structures, armed at their fiw extremities by a pair of 
cutting blades or claws, and are placed one on each si<le of the 
mouth. In the median line of the luiccal cavity in front is 
jilaced a thick muscular jirotuberance, wdiich may be called 
the tongue, though attached to 
the dorsal instead of to the 
ventral wall of the mouth (Fig. 

3). The tongue bears a row of 
small chitinous teeth. The jaw- 
claws (Figs. 4 and 5), which re- 
semble in all essential points 
the claws borne by the feet, and 
like tliese are thiekenings of the 

, o claw of P. ca* claw of P. 

cuticle, are sickle-shaped. They pensis, (After pemU. (After 

have their convex edge directed Balfour.) Balfour.) 

fowards and their conaive or cutting edge turned backwards. 
The inner cutting plate (Fig. 4) usually bears a nuinljer of cutting 
teeth. The jaws appear to be used for tearing the food, to which 
the mouth adheres by means of the tumid suctorial lips. The 
oral papillae are placed at the sides of the head (Fig. 3). The 
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ducts of the slime-glands open at their free end. They possess 
two main rings of projecting tissue, and their extremities l)ettr 
papillae irregularly arranged. 

The ambulatory appendages vary in number. Tliere are 
seventeen pairs in 1\ capensis and eighteen in P. Balfouri, 
while in P. jamaicensis the number varies from twenty-nine to 
forty-three pairs. They consist of two main divisions, which we 
may call the leg and the foot (Figs. 6 and 7). The leg (/) has the 
form of a truncated cone, the ‘broad end of which is attached to 
the ventro-lateral wall of the body, of which it is a prolonga- 
tion. It is marked l)y a number of rings of papillae placed 



Fiq. 6. — Ventral view of last leg of a Fks. 7. — Leg of P. mpc/ms seen from the 
male /*. capcnsiff. (After Seilg- front. (After Sedgwick.) /, Foot; ^ leg; 

wick. ) /, Foot ; /, leg ; p, spini- />, spiiiifcroiis pads, 

ferons j)ads. The white papilla 
on the proximal part of this leg is 
characteristic of the iiiale of this 
species. 

transversely to its long axis, the dorsal of wdiicli arc pigmented 
like the dorsal surface of the body, and the ventral like tlie 
ventral surface. At the narrow distal end of the leg there are 
on tlie ventral surface three spiniferous pads, each of which is 
continued dorsiilly into a row of papillae. 

The foot is attached to the distal end of the leg. It is 
slightly narrower at its attached extremity than at its free end. 
It tears two sickle-shaped claws and a few papillae. The part 
of the foot which carries the claws is especially retractile, and is 
generally found more or less telescoped into the proximal part. 
The legs of the fourth and fifth pairs differ from the others in 
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the fact that the proximal pad is broken up into three, a small 
central and two larger lateral. The enlarged nephridia of these 
legs open on the small central division. 

Tlie males are generally rather smaller and fewer in number 
than the females. In those species in winch the number of legs 
varies, the male has a smaller number of legs than the female. 

Habits. 

They live beneath the bark of rotten stumps of trees, in the 
crevices of rock, and beneath stones. They require a moist 
atmosphere, and are exceedingly susceptible to drought. They 
xivoid light, and are therefore rarely seen. They move with 
great deliberation, picking their course by means of their 
antennae and eyes. It is by the former that they acquire a 
knowledge of the ground over which they are travelling, and by 
the latter that tliey avoid the light. The antennae are extra- 
ordinarily sensitive, and so delicate, indeed, that they seem to be 
aide to ])erceive the nature of objects without actual contact. 
When Irritated they eject with considerable force the contents of 
tlu*ir slime reservoirs from the oral papillae. The force is sup- 
l)lied l)y the sudden ct)ntraction of the muscular body wall. They 
can s(piirt tlie slime to the distance of almost a foot. The slime, 
which apjHjars to be perfectly harmless, is extremely sticky, but 
it easily comes away from the skin of the animal itself. 

I have n(?ver seen tliem use this apparatus for the capture of 
prey, but Hutton describes the New Ze^iland species as using it 
for this purpose. So far as I can judge, it is used as a defensive 
weapon ; but this of course will not exclude its offensive use. 
They will turn their heads to any part of the body which is being 
irritated and violently discharge their slime at the offending 
object. Locomotion is effected entirely by means of the legs, 
with the body fully extended. 

Of their food in the natural state we know little ; but it is 
probably mainly, if not entirely, animal. Hutton describes his 
specimens ac socking the juices of flies wliich they had stuck 
down with their slime, and those which I kept in captivity 
e^igerly devoured the entrails of their fellows, and the developing 
young from the uterus. They also like raw sheep*s liver. They 
move their mouths in a suctorial manner, tearing the food with 
their jaws. They have the power of extruding their jaws from 
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the mouth, and of working them alternately backwards or for- 
wards. This is readily observed in individuals immersed in water. 

Breeding. 

.All species are viviparoua It has lately been stated that 
some of the Australian species are normally oviparous, but this has 
not been proved. The Australasian species (jonie nearest to laying 
eggs, inasmuch as the eggs are large, full of yolk, and enclosed 
in a shell; but development normally takes place in the uterus, 
though, aVmormally, incompletely developed eggs are extruded. 

The young of 1\ capemis are born in April and May. They 
are almost colourless at birth, excepting the antennae, wliich are 
greiiii, and their length is 10 to 15 mm. A large female will 
jiroduce thirty to forty young in one year. The period of gesta- 
tion is thirteen months, that is to s^iy, the ova pass into the 
oviducts about one month l^efore the young of the preceding year 
are born. They are born one by one, and it takes some time 
for a female to get rid of her whole sto(*k of embryos ; in fact, 
the embryos in any given female differ slightly in age, those next 
the oviduct teing a little ohler (a few liours) than those next the 
vagina. The mother does not appear to pay any special attention 
to her young, which wander away and get their owJi food. 

There does not appeur to be any true cojailation. The male 
deposits small, white, oval spermatophores, which consist of small 
bundles of spermatozoa cemented together liy some glutinous 
substance, indiscrimiiiately on any i)Hrt of tlie body of the female. 
Such spermatophores are found on the l)odios of both males and 
females from July to January, but they appear to be most nume- 
rous in our autumn. It seems ])robable that the spermatozoa 
make their way from the adherent spermatophore through the 
body wall into the bcwly, and so by traversing the tissues reach the 
ovary. The testes are active from Junp to the following March. 
From March to June the vesiculae of the male are empty. It is 
probable that spermatophores are formed in other species. 

There are no marked sexual differences, but in some species 
some of the legs of the male, often the last or penultimate, bear 
a small white papilla on the ventral surfiice (Fig. 6). 

Whereas in the Cape species embryos in the same uterus are 
all practically of the same age (except in the month of April, 
when two broods overlap in P, cape7ms\ and birth takes place at 
a fixed season ; in the Neotropical species the uterus, which is 
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always pregnant, (ioiitains embryos of different ages, and births 
probably take place all the year round. 

In all species of reripatuH the young are fully formed at 
birth, and differ from the adults only in size and colour. 


ANATOMY 

The Alimentary Canal (Fig. 8). 

The buccal (*avity, as explained above, is a secondary forma- 
tion around tlie true mouth, which is at its dorsal posterior end. 
It contains the tongue and tlie jaws, which have already been 



Fi(i.*8. — Perijmtun rnpeMsis dissectwl so as to show 
the alimentary canal, slinio glands, and salivary 
glands. (After Balfour.) The dissection is viewed 
from the ventral side, and the lips (A) have been 
cut through in the middle line behind and pulled 
outwards NO as to expose the jaws {j), which have 
been turneil outwards, and tlie tongue ( T) bearing 
a median row of chitinous teeth, whicli branches 
behind into two. The muscular pharynx, extend- 
ing back into the spa(;e between the first and second 
pairs of legs, is followed by a short tubular oeso- 
iduigus. The latter opens into the large Ntomnch with 
plicated walls, extending almost to the hind end of 
the aiiiinal. Tlie stomach at its point of jnne> 
tion with the rectum presents an ventro- 

dorsal curve. Af Anns; at^ antenna; 
first and second feet ; /, jaws ; L, lips ; im\ 
oesophagus ; or./i, oral papilla ; pharynx ; /», 
rcctnni ; salivary duct ; s.17, salivary gland ; 
sLd, slime reservoir ; d.y, portion of tubules of 
slime gland ; sf, stomach ; T, tongue in roof of 
mouth. 


cleacrilMfd, and into tlie hind end of it there opens ventrally hy a 
median opening the salivary glands The month leails into 

a muscular pharynx (ph), which is connected by a short oeso- 
phagus (oe) with a stomach (st). The stomach forms hy far the 
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largest part of the alinientaiy canal. It is a dilated soft-walled 
tube, and leads behind into the sliort narrow rectum (i2), which 
opens at the anus. There are no glands opening into the 
alimentary canal. 

Nervous System. 

The central nervous system consists of a pair of supra- 
ocsophageal ganglia united in the middle line, and of a pair of 
widely divaricated ventral cords, continuous in front with the 
sujjra-oesophageal ganglia (Fig. 9). 

Tlie ventral cords at first sight appear to be without gangli- 
onic thickenings, but on more careful examination they are 
found to 1)6 enlarged at each pair of legs (Fig. 9). These enlarge- 
ments may l)e regarded as imperfect ganglia. There are, there- 



Fi«. 9. — Brain and anterior part of the ventral nerve- 
cords of Ptripaius capenais enlarged and vie\ve<i 
from the ventral surface. (After Balfour.) Tlie 
paired appendages (f^) of the ventral surface of the 
brain are seen, and the pair of Kympathetic nerves 
(ap) arising from the ventral surface of the liiiidiT 
part. From tlie commeneenieut of the oesopha- 
geal commissures pass off on each siile a pair of 
nerves to the jaws {Jn). The three anterirfi* 
ooniiiiissnres between the ventral nerve-cords are 
placed close together; immediately behind them 
the nerve-cords are swollen, to form the ganglionic 
enlargements from wldch pass off to the oral 
papillae a pair of large nerves oii each side {orn). 
Behind this the cords present a series of enlarge- 
ments, one pair for each ])nir of feel, from which a 
pair of large nerves ])ass off on eacli side to the feet 
(jwn). Antennnry nerves ; ro, commissures 

between ventral cords ; d, ventral a]>peudages of 
bmiu ; A, eye ; en, nerves passing outwards from 
ventral cord ; ganglionic enlargements from 

which nerves to feet pass off ; nerves to jaws ; 

ganglionic enlargement from which nerves to 
oral papillae p^s off ; orw, nerves to oral papillae ; 
pc, posterior lobe of brain ; pn, nerves to feet ; 
sy, sympathetic nerves. 


fore, as many pairs of ganglia as there are pairs of legs. Tliere 
is ill fidditiou a ganglionic enlargement at tlie commencement of 
the oesophageal commissures, where the nerves to tlie oral papillae 
are given off (Fig. 9, er.//). 

Tlie ventral ctirds are placed eacli in tlie lateral compart- 
ments of the l)ody cavity, immediately within the longitudinal 
layer of muscles. They are connected witli each other, rather 
like' the pedal nerves of Chiton and the lower Prosobranchiata, 
by a number of commissures. These commissures exhibit a 
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fairly regular arraiigeiueiit from the region ineliulecl between the 
first and the last pair of true feet. There are nine or ten of them 
between each pair of feet. They pass along the ventral wall of 
the body, perforating th(3 ventral mass of longitudinal muscles. 
On their way tliey give oft* nerves which innervate tlie skin. 

Posteriorly the two nerve-cords nearly meet immediately in 
front of the generative aperture, and tlien, bending upwards, fall 
into each other dorsally to the rectum. They give off a series 
of nerves from their outer borders, which present throughout 
the trunk a fairly regular arrangement. From each ganglion 
two large nerves (pw) are given off, which, diverging somewhat 
from each other, ])ass into the feet. 

From the oesophageal commissures, close to their junction 
witli the supra-oeso])hageal ganglia, a nerve arises on each side, 
wliich passes to the jaws, and a little in front of this, apparpiitly 
from the supra-oesopliagi^al ganglion itself, a second nerve to tlie 
jaws also takes its origin. 

Tlie supra-oe.sophageal ganglia (Fig. 9) are large, somewhat 
oval masses, broader in front than behind, completely fused in 
the middle, but free at their extremities. Each of them is j»ro- 
longed anteriorly into an antennary nervi*, and is continuous 
behind with one of the oesophageal commissures. On the*, 
ventral surface of each, rather behind the level of the eye, is 
])laced a hollow protuln^rance (Fig. 9, d), of which I shall say 
more in dealing witli the develo])nient. About one-third of the 
way biick the two large optic nerves take their origin, arising 
laterally, but rather from the dorsal surface (Fig. 9). Each of them 
joins a large ganglionic mass jdaced immediately behind the retina. 

The histology of the ventral cords and oesophageal commis- 
sures is very simple and uniform. They consist of a cord fdniost 
wholly formed of nerve- fibres placed dorsally, and of a ventral 
layer of ganglion cells. 

The Body Wall. 

The skin is formed of three layers. 

(1) The cuticle. 

(2) The epidermis or liypcKlermis. 

Qj) The dermis. 

The cuticle is ,a thin layer. The spines, jaws, and claws are 
special developments of it. Its surface is not, however, smooth. 
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but is everywhere, with the exception of the perioral region, 
raised into minute secondary papillae, which in most instances 
bear at their free extremity a somewhat prominent spine. The 
whole surface of eacli of the secondary papillae just described is 
in its turn covered by numerous minute spinous tubercles. 

The epidermis, placed immediately within the cuticle, is 
composed of a single layer of cells, which vary, however, a good 
deal in size in difiereiit regions of the body. The cells excrete 
the cuticle, and they stand in a very remarkalde relation to tlie 
secondary papillae of the cuticle just described. Each epidermis 
cell is in fact placed within one of these secondary papillae, so 
that the cuticle of each secondary papilla is the product of a 
single epidermis cell. The pigment which gives the characteristic 
colour to the skin is deposited in the protoplasm of the outer ends 
of the cells in the form of small granules. 

At the apex of most, if not all, the primary wart-like papillae 
there are present oval aggregations, or masses of epidermis cells, 
each such mass being enclosed in a thickish capsule and bearing a 
long projecting spine. These structiu'es are prol)al)ly tactile organs. 
In certain regions of tlie body they are extremely numerous ; more 
especially is this the case in the antennae, lips, and oral papillae. 
On the ventral surface of the periplieral rings of the thii!ker 
sections of the feet they are also very thickly set and fused together 
so as to form a kind of pad (Figs. 6 and 7). In the antennae 
they are thickly set side l)y side on tlie rings of skin which give 
such an Arthropodan appearance to these organs in Feripatus, 

The Tracheal System. 

The apertures of the tracheal system are placed in the depres- 
sions lietween the papillae or ridges of the skin. Each of them 
leads into a tulie, which may lie called the tracheal pit (Fig. 10), 
the walls of which are formed of epithelial cells bounded towards 
the lumen of the pit by a very delicate cuticular membrane con- 
tinuous with the cuticle covering the surface of the body. The 
pits vary somewhat in depth ; the pit figured was aliout 0*09 mm. 
It perforates the dermis and terminates in the subjacent muscular 
layer. 

Internally it expands in the transverse plane and from the 
expanded portion the tracheal tubes arise in diverging bundles. 
Nuclei similar in character to those in the walls of the tracheal 
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pit are placed l)etween the tracheae, and similar but slightly more 
elongated nuclei are found along the bundles. The tracheae are 
minute tubes exhibiting a faint transverse striatinu which is prol)- 
ably the indication of a spiral fibre. They appear to branch, but 


Fro. 10. — Section through a troclieal 
pit and diverging bundles of 
tracheal tubes taken transverNely 
to the long axis of the body. 
(After Balfour.) ti\ IWheae, 
showing rudimentary spiral filire ; 
fr.r, cells resembling those lining 
the tracheal pits, which occur at 
intervals along the course of the 
tracheae ; fr.o, tracheal stigma ; 
tracheal pit. 


only excr^ptionally. The tracheal ajM^rtiires are iliffuscd over the 
surface of the body, but are especially developed in certain regions. 

The Muscular System. 

The general ninscnlar system consists of — (1) the general 
wall of the body; (2) the muscles connected with tlie moutli, 
pharynx, and jaws ; (II) the muscles of the feet ; (4) the muscles 
of the alimentary tract. 

The muscular wall of the body is formed of — (1) an external 
layer of circular fibres ; (2) an internal layer of longitudinal 
muscles. 

The main muscles of tlie body are unstriated and divided into 
fibres, each invested hy a delicate membrane. The muscles of the 
jaws alone are transversely striated. 

The Vascular System. 

The vascular system consists of a dormil tubular heart with 
paired ostia leading into it from the pericardium, of the pericar- 
dium, and the various other divisions of the perivisceral cavity 
(Fig. 14, D). As in all Arthropoda, the perivisceral cavity is a 
haemocoele ; ix. it contains blood and forms part of the vascular 
system. The heart extends from close to the hind end of the 
body to the head. 
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The Body Cavity. 

The body cavity is formed of four compartments — one centnil, 
two lateral, and a pericardial (Fig. 14, D). The former is by far 
the largest, and contains the alimentary tract, the generative 
organs, and the slime glands. It is lined l)y a delicate endo- 
thelial layer, and is not divided into comiWLirtmeiits nor traversed 
l)y muscular fibres. The lateral divisions are much smaller than 
the central, and are shut ofl* from it by the inner transverst^ baud 
of muscles. They are almost entirely filled w ith the iiervfvcord 
and salivary gland in front and wdth the nerve-cord alone ludiiiid, 
and their lumen is broken up by muscular bands. They further 
contain the nephridia. They an^ prolonged into the feet, as is the 
embryonic l)ody cavity of most Arthropoda. The pericardium con- 
tains a peculiar cellular tissue, probably, as suggested by Moseley, 
ecpiivalent to the fat-bodies of insects. 

Nephridia. 

In Peripatns capensis nephridia are present in all the legs. 
In all of them (except the first three) the following parts may 
be recognised (Fig. 11): - 

(1) A vesicular portion opening to the exterior on the ventral 

surface of the leg.s ))y a narrow passage. 

(2) A coiled portion, which is again subdivided into s(»veral 

sections. 

(a) A section with closely packed nuclei ending by a some- 
what enlarged opening. 

(4) The terminal portion, which consists of a tliin-w^alled 
vesicle. 

The last twelve pairs of these organs are all constructed in a 
very similar manner, while the two imirs situated in the fourth 
and fifth pairs of legs are considerably larger than those behind, 
and are in some respects very difterently constituted. 

It will be convenient to commence with one of the hinder 
nephridia. Such a nephridium from the ninth pair of legs is 
represented in Fig. 11. The external opening is placed at the 
outer end of a transverse groove at the base of one of the legs, 
wliile the main portion of the organ lies in the body cavity iu 
the base of the leg, and extends into the trunk to about the level 
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of the outer edge of the ne^ve-cord of its side. The external 
openi’fig {o,s) leads into a narrow tube (s.d), which gradually 
dilates into a large sac (s). The narrow part is lined by small 
epithelial cells, which are directly continuous with and perfectly 
similar to those of the epidermis. The sac itself, which forms a 
kind of bladder or collecting vesicle for the organ, is provided 
. with an extremely tliin wall, lined wdth very large flattened cells. 
The second section of the uephridium is formed by the coiletl 
tulKj, the epithelial lining of which varies slightly in the different 
parts. The third section constitutes the most distinct 

j)ortioii of the whole organ. Its walls are formed of columnar 
cells almost filled by oval nuclei, which absorb colouring matters 
witli very great avidity, and thus render this part extremely 

Fia. 11. '-Xepliritlium from tin* 
0th pair of legs of P. cfqjensU. 
o.s^ External opening of seg- 
mental organ ; pj, internal 
opening of uephridium into 
the boily cavity (lateral com- 
partment) ; 8, vesicle of seg- 
mental organ ; s.rri, 

s.c.df s,c,it successive regions 
of coiled portion of nephri- 
dimn; third portion of 
ne]>hridiiim broken olf at 2\/’ 
from the internal vesicle, which 
is not shown. 

conspicuous. Tlie luudei tire arranged in several rows. It ends 
by opening into a vesicle (Fig. 14, I)), tlie wall of which is so 
delicate that it is destroyed when the nephridium is removed 
from the body, and conseciuently is not shown in Fig. 11. 

The fourth and flftli pairs are very considerably larger than 
those behind, and are in other n‘spec.ts peculiar. The great mass 
of eacli organ’ is placed l)ehind the leg on wliich the external 
opening is placed, imnuMliately outside one of the lateral nerve- 
cords. The external opening, instead of being placed near the 
base of the leg, is jdaced 011 the ventral side of the third ring 
(counting from the outer eiul) of the thicker portion of the leg. 
It leads into a portion which clearly coAesponds with tlie collect- 
ing vesicle of the hinder iiej>hridia. This part is not, however, 
dilated into a vesicle. The three pairs of nephridia in the thi-ee 
foremost pairs of legs are rudimentary, consisting solely of a 
vesicle and duet. The salivary glands are the luoditied nephridia 
of the segment of the oral papillae. 

VOL. V c 
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Generative Organs/ ' 

Male. — The male organa (Fig. 12) consist of a pair of testes 
{te\ a pair of vesicles (p), va.sa deferentia {vd), and accessory 
glandular tubules (/ ). All the above parts lie in the central 
compartment of the body cavity. In P, capeiuis the accessory 
glandular bodies or crural glands of the last (I7th) pair of legs 
are enlarged and prolonged into an elongated tube placed in the 
lateral compartment of the body cavity (nr.//). 

The right vas deferens passes under both nerve-cords to join 



Pig. 12. — Male generative organ.s of Peripatm capensis^ viewed from the dorsal surface. 

( After Balfour.) a,g. Enlarged crural glands of last pair of legs ; /’.IS, 17, last pairs 
of legs ; /, small accessory glandular tubes ; p, common duct into which the vasa 
deferentia open ; fe, testis; v, seminal vesicle ; v.c, Der\'e-cord ; vas deferens. 

the left, and form the enlarged tube (/>), which, passing })eneath 
the nerve-cord of its side, runs to the e.xternal orifice. The 
enlarged terminal portion possesses thick muscular walls, and 
possibly constitutes a sjiermatophore maker, as has Ijeeu shown to 
be the case in P. A! Zealandiae, by Moseley. In some specimens 
a different arrangementf obtains, in that the left vas deferens 
passes under both nerve-cords to join the right. 

Female. — The ovaries consist of a pair of tubes closely ap- 
plied together, and continued posteriorly into the oviducts. The 
oviducts, after a short course, become dilated into the uteruses,^ 
which join behind and open to the exterior by a median 
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opening. The ovaries always contain spermatozoa, some of which 
])roject tlirough tlie ovarian wall into the body cavity. Sperma- 
tozoa are not found in tlie uterus and ovidiuits, and it appears 
prolnilde tliat they reach the ovary directly l)y l)oring through 
the skin and traversing the body cavity.^ In the neotropical 
species there is a glolndar re(?eptaculuni seminis opening by two 
short ducts close togetlier into the oviduct, and tliere is a small 
receptaculum ovorum witli extremely tliin walls opening into the 
oviduct by a short duet just in front of the receptaculum seminis. 
The (epithelium of the latter structure is clothed with actividy 
moving cilia. In the New Ziniland sp(X*ies there is a rectiptaculum 
seminis with two ducts, but the receptacula ovorum have not 
l)een s(?en. 

There appear to be pi’esent in most, if not all, the legs some 
accessory glandular structures opening just externally to the 
nephridia. They are called the crural glands. 

DEVELOPMENT. 

As stated at the outset, Perijpahisi is found in three “ of the 
great regions, viz. in Africa, in Australasia, and in South America 
and the West Indies. It is a curious and remarkable fact that 
altlioiigh the species found in these various localities are rcfilly 
closely similar, the principal differences relating to the structure 
of tlie female generative organs and to the number of the legs, 
they do differ in the most striking manner in tlie structure of 
the ovum and in the early devob»pment. In all the Austral- 
asian species the egg is large and heavily charged with fiiod- 
yolk, and is surrounded by a tough membrane. In the Cape 
species the eggs are smaller, though still of considerable size; the 
yolk is much less develojied, and the egg memlirane is thinner 
though dense. In the neotropical sjiecies the egg is minute 
and almost entirely devoid of yolk. The unsegmented uterine 
ovum of 1\ Xovae-Zcahindim measures 1*5 mm. in length by *8 mm. 
in breadth ; that of P. capemis is *5 G mm. in length ; and that 
of 1\ Trinidadensis *04 mm. in diameter. In correspondence 
Avith these differences in the ovum there are differences in the 
early development, though the later stages are closely similar. 
But unfortunately tlie development has only been fully worked 

' See Whitman, Journal of Morphology, vol. i. ® See below, p. 24. 
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out ill one species, and to that species — P. capensis — .the follow- 
ing description refers. The ova are apparently fertilised in the 
ovary, and' they pass into the oviducts in April and May. In 
May the brood of the preceding year are born, and the new ova, 
which have meanwhile undergone cleavage, pass into the uterus. 
There are ten to twenty ova in each uterus. The segmentation 
is peculiar, and leads to the formation of a solid gastrula, consisting 
of a cortex of ectoderm nuclei surrounding a central endodermal 
mass, which consists of a much -vacuolated tissue witli some 



Fig. 13. — A series of embryos of P, rapensis. The liiml end of embryos B, D 
nppermoNt in tlie Ugures, the primitive streak is the white patoli behind the blasto- 
pore. (After Sedgwick.) A, Gastrula stage, ventral view, .showing bla»tO|)or». 
B, Older gastrula stage, ventral view, showing elongated blastoi)ore and priinitifO’ 
streak. 0, Ventral view of embryo with three pairs of mesoblastic somitc.s, dumb* 
bell-shaped blastopore and primitive .streak. D, Ventral view of embryo, in which 
the blastopore has completely clo.sed in its middle portion, and given rise to tw'o 
openings, the embryonic mouth and aiiu.s. The anterior ]>nir of somites have 
inovetl to the front end of the l)ody, and the primitive groove has appeared on the 
primitive streak. E, Side view of embryo, in which the hind end of tlie body has 
begun to elongate in a spiral manner, and in which the apftcndage.s have hegun. 
At, antenna ; d, dorsal projection ; p,8, preoral somite. F, Ventral view of head of 
embryo intermediate between E and O. The cerebral groove.s aiss wide and .shallow. 
The lips have appeared, and have extended l)ehind the openings of the salivary 
glands, but have not yet joined in the middle line. At, auteuuae; cerebral 
groove ; j, jaw.s ; j.s, swelling at base of jaws : L, lips ; M, mouth ; or,}), oral papl^ 
0.8, opening of salivary gland. O, Side view of older embryo with the fnli 
of ap}iendago.s, to show the position in which the embryos lie in the ute||i 


irregularly-shaped nuclei. The endodenu mass is exposed At one 
point — the hlastopoi-e (gastrula mouth). The central vacuoles 
of the endoderm now unite and form the enteron of the embryo, 
and at the same time the embryo elongates into a markedly oval 
form, and an opacity — the primitive streak — a]>pear8 at tJie liind 
end of the blastopore (Fig. 13, B). elongation of tlie embryo 

is accompanied by an elongation of^^e blastopore, which soon 
becomes dumb-bell shaped (Fig. 13, C). At the same time the ' 
mesoblastic somites (embryouic segments of mesoderm) have made 
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their appearance in pairs at the liiiul end, and gradually travel for- 
ward on each side of the hlastopore to the front end, where the 
somites of the anterior ])air soon meet in front of the blastopore (Fig. 
l/>, D). Meanwhile the narrow middle part of the blastopore has 
closed by a fusion of its lips, so that the blastopore is reju’esented 
l)y two openings, the future mouth and anus. A primitive groove 
makes its appearance ]>ehind tlie blastopore (Fig. 1:1, D). At 
tliis stage the Iiind end of the body becomes curved ventrally 
into a spiral (Fig. 13, E), and at the same time the appendages 
appear as hollow processes of the body wall, a nu‘soblastic 
somite being prolonged into t‘ach of them. The lirst to api)ear 
are the antennae, into which tlu^ praeoral somites fire prolongiMl. 
The remaiiid(‘r ajipefir fi*om before 1»ackwfirds in regular (U’dcr, 
viz. jaw, onil ])jipillae, legs 1-17. Tlie full number of somites 
find tlu‘ir append.iges is not, however, completetl until a Later 
stag!*. The nervous system is formed as an annuLir thickening 
of ecto(lerm passing in front of the moutli and behind tlie anus, 
find lying on Cfich side of the blastopore along the lines of the 
somites. The praeoral piirt of this thi(*kening, whi(‘h gives rise to- 
the cerebral ganglia, beconu^s [litted inwards on each side (Fig. 13, 
F, ('.//). These pits are eventually closed, and form the hollow 
ventrfd fipjMuidages of the supra-pharyiigefd ganglia of the fidult 
(Fig. 9, ( 1 ). The lips arc formed as folds of the side wall of the 
body, extending from the praeorfil lolies to just l)ehind the jaw 
(Fig. 13, F, X). They enclose the jaws (/), mouth (J/"), and 
opening of the salivary glands (a.s), and so give list*, to the laiccal 
cavity. The emlayo has now lost its spiral curvature, and 
becomes completely doidded upon itself, the hind end being in 
contact with the mouth (Fig. 13, (1). Tt remains in this position 
until birth. The. just-born young are from 10-1 5 jum. in length 
find have green antennae, hut the rest of the body is eithi^r (piito 
white or of a reddish colour. This red cdour differs from the 
colour of the adult in being soluble in spirit. 

The mesoblastic somites are paired sacs formed from the 
anterior lateral portions of the primitive strcfik (Fig. 13, C). 
As they are formed they become pla(*,ed in pairs on cnich side of 
the blastopore. The somites of the first jiair eventually obtain a 
position entirely in front of the blastopore (Fig. 13., ])). They 
form the somites of the praeoral lol)es. The full complement of 
somites is acquired at about the stage of Fig. 13, E. The relations 
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of the somites is shown in ¥ig. 14, A, which represents a transverse 
section taken between the mouth and anus of an embryo of the 
stage of Fig. 13, D. The history of these somites is an exceed- 
ingly interesting one, and may be des(;ril:)ed shortly as follows i — 
They divide into two parts — a ventral part, which extends into 



FlO. 14. — A series of diagrams of transverse sections through enihryoa to 

show the relations of the coelom at successive stages. (After Sedgwick. ) A. Karly 
stage : 1, gut ; 2, inesoblastic somite ; no trace of the vascular space ; eiidodcrm 
and ectoderm in contact. B. Endoderm has separated from the dorsal and ventral 
ectoderm. The somite is represented as having diviiled on the left side into a 
dorsal and ventral ])ortion : 1, gut ; 2, somite ; 3, hnemocoele. C, The haemocotde 
(3) has become divided up into a nninber of spaces, the aiTangemeiit of wliicli is 
unimportant. Tlie dorsal part of each somite has travelled dorsahvards, and now 
constitutes a small space (triangular in section) just dorsal to the gut. The ventral 
portion (2') has assumed a tubular character, and has acquired an e.xternal opening. 
The internal vesicle is already indicatcil, and is show n in the diagium by the thinner 
black line : 1, gut ; 2', ne])hridial part of coelom ; 3, liaemonoele ; 3\ part of 
haemocoele which will form the heart — the part of the haeinocoele on eacli side of 
this will form the pericardium ; 4, nerve-cord. D represents the conditions at 
the time of birth ; numbers as in C, except 5, slime glands. The coelom is re- 
presented as .surrounded by a thick black line, except in the part which forms the 
internal vesicle of the iiephridiurn. 


the appendage, and a dorsal part (Fig. 14, B). The ventral part 
acc^||||| an opening to the exterior just outside the nerve-cord, 
and^MibmesJiBlBrely transformed into a nephridiuui (Fig. 14, 
Tl^wrsal part shifts dors<ilwards and diminishes rela- 
tivist in sizd (Fig. 14, C). Its fate differs in the different parts 
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of the body. In the anterior somites it dwindles and disappears, 
but in the posterior part it unites with the dorsal divisions of 
contiguous somites of the same side, and forms a tul)e — the 
generative tube (Fig. 14, D, 2). The last section of this tube 
retains its connexion with the ventral portion of tlie somite, and 
so acquires an external opening, which is at first lateral, l)tit soon 
shifts to the middle line, and fuses with its fellow, to form the 
single generative opening. The praeoral somite develops the 
rudiment of a nephridiuin, but eventually entirely disappears. 
The jaw somite also disappears; the oral papilla somitti forms 
ventrally the salivary glands, which are thus serially homologous 
with nephridia. The perivisceml cavity of PeriprUus is, as in all 
Artliropoda, a haemocoele. Its various divisions develop as 
a series of spaces between the ectoderm and endoderm, and 
later in the mesoderm. The mesoderm seems to be formed 
entirely from the juoliferatiou of the cells of the mesoblastic 
somites. It thus ap])ears that in reripatm the cix'lom does not 
develop a perivisceral portion, but gives rise only to the renal 
and reproductive organs. 


APPENDIX I 
Peripatus, Guilding 

Soft-bodied vermiform aniinaU, with one i)air of ringed antennae, one 
pair of jaws, one pair of oral papillae, and a varying number of elaw-bearing 
ambulatory legs. Dorsal surface arched and more darkly pigmented than 
the fiat veuti’al surface. Skin transversely ridgeti and beset by wart-like 
spiniferous .]»apillae. Moutli anterior, ventral ; anus posterior, terminal. 
Generative opening single, median, ventral, and jiosterior. One pair of 
simple eyex Brain large, with two ventral hollow appendages ; ventral 
cords widely divaricrited, without distinct ganglia. Alimeutiiry canal simple, 
uncoiled. Segmen tally arranged, jiaired nephridia are j>resent. Bwly cavity 
is continuous with the vascular sptem, and does not communicate with the 
paired nephridia. Heart tubular, with paired ostia. Hcspiratiou by means 
of tracheae. Dioecious ; males smaller and generally less numerous than 
females. Generative glands tubular, continuous with the ducts. Viviparous. 
Young born fully developed. They shun the liglit and live in damp places 
beneath stones, leaves, and bark of rotten stumps. They eject when irritated 
a viscid fluid tlirough openings at the apex of the oral papillae. Distribu- 

^ Cf., in addition to the works quoted on pp. 3, 4 : A. Willey, “ Peripains novae’ 
britannwe^*' bx Zoological Pesulfs, i., Cambridge, 1898 ;.L. Bouvier, **Cont. h. Thistoire 
des P^ripates am^ricains," Ann. Soc, Eni<yiml. de France, Ixviii., 1899; W. F. 
Purcell, ** Anatomy of Opisthopatus eindipea,** Annals of tlie S. African Museum, 
ii. 1900. R. Evans, Quart. J. Micr. Set. xliv., 1901, pp. 47i3, 539. 
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tion ; South Africa (Cape Colony, Natal, and the Gaboon), New Zealand, 
Australia and Tasmania, New Britain, South and Central America and the 
West Indies, the Malay Peninsula [and Sumatm ?]. 

The genua Peripatus, so far as adult conformation is concerned, is a very 
homogeneous one. It is true, as was pointed out by Sedgwick, that the species 
from the same part of the world resemble one another more closely than 
they do species from other regions, but recent i*e 8 earches have shown that 
the line between them cannot Ihj so sharply drawn os was at first supposed, 
and it is certainly not desirable in the present state of our knowledge to 
divide them into generic or subgeneric grouj>s, as Inis been done by some zoolo- 
gists.i The colour apj^ears to be highly variable in species from all regions ; 
it is perhaps more constant in the species from the Neotropical region than 
in those from elsewhere. The number of legs tends to l)e variable whenever 
it exceeds 19 pregenital puim ; when the numl)er is less than that, it is usually, 
though not always, constant. More constant i>oints of dilFerence ai*e the form 
of the jaws, the position of the generative orifice, the presence of a recepta- 
culum seminis-^ind a receptaculum ovoriim, the arrangement of the primary 
])a2)illae on the distal end of the feet, and above all the early development. 

South African Species. — With three s^dnous ^^ads on the legs and feet, 
with two primary papillae on the anterior side and one on the posterior 
side ; outer jaw with one minor tooth at the l«ise the main tooth, inner 
jaw with no interval between the large tooth and the series of small ones; 
last fully developed leg of the male with enlargKl crural gland oi)t*ning on a 
large i)a 2 )illa [daced on its ventral surface ; coxal organs - absent ; the nephri- 
dial 02ienings of the 4 th and 5 th pairs of legs are jdaced in the proximal 
spinous 2 >ad. Genital opening subterininal, behind the last 2 >air of billy devel- 
02-Kid legs; oviduct without receptacula seminis or recejitacula ovorum; the ter- 
minal unpaired 2>ortion of the vas deferens short. Ova of considerable sizi*, but 
with only a small C2uantity of yolk. The embi yos in the uterus are all nearly of 
the same age, exce2it for a month or two before birth when two brocnls overlap. 

The following S2)ecies are alK?rrant in res2)ect of these characters ; Peri- 
patiis {Opisthopntm) cincfipesy Purcell (Cape Colony and Natal), 2iresenls a few 
Australasian features ; there is a small i*cceptaculum seminis on each oviduct, 
some of the legs are provided with wcll-develo2>ed coxal organs, the feet 
liave one anterior, one posterior, and one doiml papilla, and the successive 
difference in the ages of the embryos in the uterus, though nothing like that 
found in the Nc*otro 23 ical S2)ecies, is slightly greater than that found in other 
investigated African species. Several 2 >aii's of legs in the middle region of 
the body are 2irovided with enlarged crural glands which 02»en on a large 
2 >a 2 )il 1 a. Male with four acces.sory glands, opening on each side of and behind 
the genital aperture. P. tholloni Bouvier, Equatorial West Africa (Gaboon) 
shows some Neotro2>ical features; there arc 24 to 25 pairs of legs, the 

^ The following genera or subgenera have been pro2>oBed: Feripatus for the 
Ncotro2)ical species, Pcripatoides for the Australasian, Pcripalopsis and Opiathopatns 
for the African, Paraperipatua for the New Britain S2)ecies, and EoperipcUua for tlio 
Malay species. 

^ Coxal organs are furrows on the ventral surface of some of the legs, with tumid 
lips and lined by smooth non-tubcrculate epithelium. It ap|)ears that they can be 
everted. 
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genital opening is between the penultimate legs, and though there are only 
three spinous pads, the nephridial openings of the 4th and 5th legs are 
proximal to the 3rd i)ad, coxal organs are present, and the jaws are on the 
Neotropical type ; the oviducts have recei>tacula seminis. The following 
South African species may be mentioned r 1\ capensis Grube, with 17 (rarely 
iS) paira of claw-bearing legs ; P. halfouri Sedgw., with 18 (rarely 19) pairs ; 
P. moseleiji Wood-M., with 20 to 24 pairs. 

Australasian Species. — With 14, 15, or 16 pairs of claw-bearing ambu- 
latory legs, with 3 spinous pads on the legs, and nephridial opening of the 
4ili and 5th legs on the proximal pad ; feet with one anterior, one posterior, 
anti one dorsal j)rimary papilla ; inner jaw without dia.stema, outer with or 
without a minor tooth. Last leg of the male with or without a large white 
l)ai)illa on its ventral surface for the opening of a gland ; marked pajiillae 
for the crural glands are sometimes present on other legs of the male ; well- 
develo])ed coxal glands absent. Genital f)pcning between the legs of the last 
pair ; oviducts with receptacula seminis, without rcccj>taciila ovoriini ; the tei‘- 
ininal portion of tlie vas deferens long and complicated ; the accessory male glands 

0] )en between the genital a])erture find the anus, near the latter. Gva largi; 
and heavily charged with yolk and provided with a stoutish shell. The uterus 
appears to contain embryos of different ages. Specimens are recorded from 
West Australia, Queensland, New’ South Wales, Victoria, and New Zealand. 

The Australasian species are in some confusion. Tlie number of claw’- 
beariiig legs varies from 14 to 16 paiis, but the number most often found is 
15. Whether the number varies in the same species is not clear. There 
appears to he evidence that some species are occasionally or normally ovij)arous, 
and in the supposed oviparous species the oviduct opens at the end of a pajullfi 
called from its supposed function an ovipositor, but the oviparity has not yet 
been certainly proved as a normal occurrence. Among the species descrilutd 
maybe rneiitioiied I\ leurkarti Sanger, 1\ insiijnis Dendy, P. oviparns Ikuidy, 
P. viridimaciilatns Diuidy, P, novae<mlamJiae Hutton, but it is by no means 
c(»rtain that future research wdll maintain these. Mr. J. J. Flelclier indeed is of 
opinion that the Australian forms are all varieties of one species, P. leuchnii. 

Neotropical Species. — With 3 to 5 spinous pads on the legs, iiephri<lial 
opening of the 4th and 5th legs n.sually proximal to the third pad, and 
feet either with two primary papillae on the anterior side and one on the 

1) 08 tcrior, or with two on the anterior and two on the ]>osterior ; outer jaw 
with small minor tooth or teeth at the base of the main tooth, inner jaw 
with diastema. A variable numWr of |x>sterior legs of the males anterior to 
the genital opening with one or two large papillae carrying the openings 
of the crural glands ; \vell developed coxal organs present on most of the 
legs. The jirimary papillae usually divided into two portions. Genital 
o])eiiing between the legs of the penultimate pair ; oviduct provided with 
receptacula seminis and ovorum ; unpaired part of vas deferens long and 
complicated ; acecssoi’y organs of male opening at the sides of the anus. Ova 
minute, with little food-yolk ; embryos in tlie uterus at very different stages 
of development. The pumber of legs usually if not always variable in the same 
species ; the usual number is 28 to 32 pairs, but in some .si>ccies 40 to 43 
pairs are found. The Neotropical species appear to fall into two groups ; 
(1) the so-called Andean species, viz., those wdiich inhabit the high plateaux 
or Pacific slope of the Andes; in these there are 4 (sometimes 5) pedal 
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papillae, and the nephridial openings of t}ie 4th and 5th legs are on the 3rd 
pad ; and (2) the Caribbean species, viz. the remaining Neotropical species, 
in which there are 3 papillae on the foot and the nephridial o]>eiiing8 of 
the 4th and 5th legs are between the 3rd and 4th pads. The Andean species 
are P. eisenii Wh., P. tuherculatus Bouvier, P. lankesteri Bouv., P. quitenm 
Schm., P. corradi Cam., P. eameranoi Bouv., and P. halzani Cam. 

Of the remaining species, which are the majority, may be mentioned, P. 
edwardm Blanch., P. jamaicensis Gr. and Cock., P. trinidadensis Sedgw., 
P. torquatus Ken., P. imthurmi Scl. 

New Britain Peripatus. — With 22 to 24 pairs of claw-bearing legs, 
with three spinous pads on the legs, and nephridial openings of legs 4 and 5 
(sometimes of 6 also) on the proximal pad ; feet w'ith one primary papilla on 
the anterior, one on the posterior side, and one on the dorsal side (median 
or submedian) ; outer jaw with a minor tooth, inner jaw without diastema ; 
crural glands absent ; well -developed coxal organs abi^nt. Genital opening 
subterminal, behind the last pair of legs ; oviduct with reccptaculum seminis, 
without I'eceptaculum ovoriim ; unpaired part of vas deferens very short ; 
accessory glands two, opening medianly and dorsally. Ova small, *1 mm. in 
diameter, w-ith little yolk ; the embryos are provided with large trophic 
vesicles (Willey). Embryos in the uterus of very different ages and probably 
born all the year round. 

But one species known, P. novae-hritanniae Willey. 

Sumatran ^ Peripatus. — Peripatus with 24 }>airs of ambulatory legs, and 
4 spinous pads on the legs. The ])rimary papillae of the Neotropical character, 
with conical bases. Generative opening Ijetween the legs of the penultimate 
pair. Feet with only two papillae. Single species. P. mmatranus Sedgw. 

Peripatus from the llCalay Peninsula.^ With 23 to 25 paiis of claw- 
bi^aring legs, 4 spinous jiads on the legs, and nej^hridial openings of legs 4 
and 5 in the middle of the prcjximal pact or on its proximal side ; feet with 2 
primary papillae, one anterior and one posterior ; outer jaw with 2, inner jaw 
with 2 or 3 minor teeth at base of main tooth separated by a diastema fi-om 
the row of small teeth ; crural glands present in male only, in the two paii-s 
of legs precwling the g^merative opening; coxal organs pi’esent. (Teiiital 
opening between the penultimate legs ; oviduct with ivwq>tacula w^minis and 
ovorum ; iiupaii-ed jwrt of vas defemns long ; male accessory glands two, 
opening medianly l)etween the legs of the last pair. Ova large with much 
yolk and thick membrane, like those of Australasian species ; embryos with 
slit-like blastopore, and of very diftereiit agi^s in the same uterus, ])rol)ably 
born all the year round. Tlie species are P. weldoni Evans, P. horsti Evans, 
and P. hutleri Evans. It will thus be seen that the Malay species ’whih* 
resembling the Neotropical sjiecies in the generative organs, differ fnim thes*- 
in many features of the legs and feet, in the imporhint characters furnished 
by the size .and structuro of the ovum, and by the eiirly development. 

^ The existence of this species is doubtful. The description of it was taken 
from a singe specimen. The evidence that this specimen was found in Sumatra is 
not conclusive. 

’ I am indebted to Mr. R. Evans and the Editors of the Quart, J. JA'oi*. 
ScL for permission to see proofs of Mr. Evans' pajiers in vol. xliv. of that 
journal. 
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CHAPTER II 

MYKIAPODA 


INTRODUCTION KARITS CLASSIFICATION STHUCTUIIE CHILO- 

GNATHA CHILOPODA SCHIZdTAUSIA SVMPIIYLA PAUU- 

OPODA EMBUYOLOtiY PALAEONTOLOGY. 

Tracueata witli separated head and nuineroiis, fairly similar 
segments. They have one pair of auteuiiae, two or three pairs 
of month appendages, and numerous pairs of legs. 

The Myriapoda are a class of animals which are widely 
distributed, and are represented in almost every part of the 
globe. Heat and cold alike seem to offer favoural)lo conditions 
for their existence, and they tlourish both in the most fertile 
and the most barren countries. 

. They liavc not attracted much notice until comparatively 
recent times. Compared with Insects they have been but little 
known. Tlie reason of this is not hard to find. The ]Myriai)ods 
do not exercise so much direct influence on luiman affairs as 
do some other classes of animals ; for instance. Insects. They 
include no species which is of direct use to man, like the silk- 
worm or the cochineal insect, and they are of no use to him as 
food. It is true that they are injurious to his crops. For instance, 
the species of Millepede known as the “ wire worm ^ is extremely 
harmful; but this has only attracted much notice in modern 
times, when land is of more value than formerly, and agricul- 
ture is pursued in a more scdentific manner, and the constant 
endeavour to get the utmost amount of crop from the soil has 
caused a minute investigation into the various species of 
. animals which are noxious to the growing crop. The species of 
^ Not to bo confused with the larva of Elakr Unealiis^ also known as “wire- worm.'* 
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Myriapoda best known to the ancients were those whiclx were 
harmful to man on account of their j)oi.sonous bite. 

Some writers have supposed that the word which is trans- 
lated “mole” in the Bible (Lev. xi. 30) is really ticolopendra 
(a genus of Centipede), and, if this is so, it is the earliest men- 
tion of the ]\Iyriapods. They were rarely noticed in the classical 
times ; almost the only mention of them is by ^^lian, who says 
that the whole population of a town called Ehetium were driven 
out by a swarm of Scolopeiidras. Tliny tells us of a marine Scolo- 
pendra, but this was most probably a species of marine worm. 

Linnaeus included Myriapods among the Insects ; and the 
writers after him till the beginning of this century classed them 
with all sorts of Insects, with Spiders, Scorpions, and even amtmg 
Serpents. It was I^ach who first raised them to the importance 
of a separate class, and Latreille first gave them the name 
of Myriapoda, which they have retained ever since. 

Myriapods are terrestrial animals, crawling or crecping‘ fui 
the ground or on logs of wood, or even under the bark of trees. 
There is, however, a partial exceY)tion to this ; various naturalists 
have from time to time given descriptions of marine Centipedes. 
These are not found in the sea, but crawl about on the shore, 
where they are submerged by each tide. A Gcophilns of this 
sort has been found in Jersey by Mr. Sinel,^ thus living a semi- 
aquatic life. Professor F. Plateau, experimenting on the effect of 
immersion on the Geophilidae, found that they could exist in sea 
water from twelve to seventy hours, and in fresh water from six 
to ten days. They thus offer a striking example of the power that 
their class possess of existing under unfavourable circumstances. 

With regard to their habits the different species differ very 
considerably. On the one hand we have the Chilopoda, or 
Centij)edes, as they are calle<l in this country, active, swift, and 
ferocious ; living for the most part in dark and o1)Scure jdaces, 
beneath stones, logs of wood, and dried leaves, etc., and feeding 
on living animals. On the other hand, we have the Chilognatha, 
or Millepedes, distinguished by their slow movements and 
vegetable diet ; inoffensive to man, except by the destruction 
they occasion to his crops, and having as a means of defence no 
formidable weapon like the large jioisun claws of the Centipedes, 
but only a peculiarly offensive liquid secreted by siHJciul glands 

* See Nature j xli., 1890, ]». 10 J. 
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known by tlie unpleasant though expressive name of “stink glands,” 
or by the more euphonious Latin name of glandulae odoriferae. 
As a general rule the larger species of Myriapods are found 
in the hotter climates, some of the tropical species being very 
large, and some, among the family of the Scolopendridae, extremely 
poisonous ; and it is even said that their bite is fatal to man. 

If, however, the Centipede is sometimes fatal to man, it does 



Fig. \^,—Scolopendra chscura. (From C. L. Koch, Lie Myriapodeiu) 


not always have it its own way, for we read of man making 
food of Centipedes. Tt is hard to believe that any human being 
couKl under any circumstances eat Centipedes, which have been 
•described by one naturalist as “a disgusting tribe loving the 
darkness.” Nevertheless, Humboldt informs us that he has seen 
tlie Indian children drag out of the earth Centipedes eighteen 
inches loi\g and more than half an inch wide and devour them. 



Fig. \fi.—’Chordeumt sylvestre, (From C. L. Koch, Lie Myrmpoden,) 


This, I believe, is the only account of human beings using 
the Myriapoda as food, if we except the accounts of the religious 
fanatics among the Afriain Arabs, who are said to devour Centi- 
pedes alive ; though this is not a case of eating for pleasure, for 
the Scolopendras are devoured in company with leaves of the 
prickly pear, broken glass, etc., as a test of the unpleasant things 
which may be eaten under the influence of religious excitement. 
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A cold climate, however, is not - fatal to some fairly large 
species of Centipedes. A striking instance of this came under 
my own observation some years ago. In 1886 I was travelling 
in the island of Cyprus — the “ Enchanted Island,” as Mr. Mallock 
calls it in his book written about tlie same time — with the 
intention of observing its natural history. This island consists 
of a broad flat country crossed by two mountain ranges of con- 
siderable height, thus offering the contrast of a hot climate in 
the plains and a cold climate in the mountains. On the plain 
country I found among the Myriapoda that the most common 
species were a large Scolopendra and a large Lithohvus. The 
Scolopendra wjis fairly common, living for the most part under 
large stones, and it was a pleasant task to search for them in a 
ruined garden near Larnaca. 

This garden was made for the public, and is situated about a 
quarter of a mile from the old town of Ltirnaea. It has I)een 
suffered to fall into decay, and is now quite neglected. Mr. 
Mallock has described many beautiful scenes in his book, but I 
think he could have found few more beautiful than this old 
garden with its deserted gardener's house, now a heap of ruins, 
but overgrown with masses of luxuriant vegetation, with beauti- 
ful flowers peeping out here and there as if charitably endeavour- 
ing to hide the negligence of man, and to turn the desolation 
into a scene of beauty. I got several prizes in this garden, but 
found the Myriapods were principally represented by the speciea 
I have mentioned. 

After leaving Larnaca I rode across the plain country 
through blazing heat, which was rapidly parching up the ground 
to a uniform brown colour. At every stopping-place I found 
the same species of Scolopeiidra and of LithoMus. After a few 
days I began to get up among the mountains of the northern 
range, and the burning heat of the treeless plain was gradually 
exchanged for the cool shade of the pine-trees and the fresh air 
of the mountains. As I ascended higher and higher the tem- 
perature grew cooler till I reached the top of Mount Troodos, the 
ancient Olympus. Here in the month of May the snow still 
lingered in white patches, and the air was clear and cold. I 
remained on the top of Troodos for a week, while I made a close 
examination of the fauna to be found there. I was much 
surprised to find the identical species of Scolopendra and 
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Lithobius with which 1 had l)ecome acquainted in the heat ol 
tlie low country, quite at home among the snow, and as common 
as in, what I should have imagined to be, the more congenial 
climate. Nor were they any the less lively. Far from exhibit- 
ing any sort of torpor from the cold, the first one which I 
triumphantly seized in my forceps wriggled himself loose and 
fastened on my finger with a vigour whicli made me as anxious 
to get rid of him as I had formerly been to secure him. How- 
ever, he eventmilly went into my collecting box. 

On the whole, we may say that the Chilopoda are most 
largely represented in the hotter climates, where they find a 
more abundant diet in the rich insect life of the tropical and 
semi-tropical countries. The more brightly-coloured Myriapods, 
too, are for the most i)art inhabitants of the warmer countries. 
The ease with which they are introduced into a country in the 
earth round plants, and in boxes of fruit, may account to a great 
extent for the wide distribution of the various species in 
different countries. Mr. Pocock, who examined the Myriapods 
brought back from the “ Challenger ” Exixjdition, informs us that 
of ten species l)rought from Bermuda, foiu* had been introduced 
from the West Indies. There is no doubt that animals which 
can bear changes of temperature and deprivation of food, and 
even a short immersion in the w'ater, are well calculated to be 
introduced into strange countries in many unexpected ways. 

As might 1)6 expected from a class of animals so widely 
distributed. Myriapods show an almost infinite variety of size 
and colour. We find them so small that we can hardly see 
them with the naketl eye, as in the case of the tiny Polyxenvs, 
the Pauropidae, and the Scolopendrellidae. We also find them 
more than six inches in length, as the larger species of Scolo- 
pendridae. I am afraid we must dismiss as an exaggeration an 
account of Centipedes in Cartliagena a yard in lengtli, and more 
than six inches in breadtli. The giver of this account — Ulloa 
— informs us that the bite of this gigantic serpent-like creature 
is mortal if a timely remedy be not applied. It is certainly 
extremely probable that the bite of a Centipede of this size would 
be fatal to any one. . Some Centipetles are short and broad, and 
composed of few segments, as Glomeris ; some are long and thin, 
^ with more than a hundred segments, as Geophilus. They may be 
beautifully coloured with brilliant streaks of colour, as in some 
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of the Jnlidae or Polydesmidae, or may Ijc of a dull and rusty 
iron colour, or quite black. 

One of the strangest peculiarities found among Myriapods is 
that some of them (e.g. Geophilus electricns) are phosphorescent. 
As I was walking one summer evening near my home in 
Camhridgesliire I saw what I thought was a match burning, 
l^joking more closely, I saw it move, and thinking it was a 
glow-worm I picked it up, and was surprised to find that it was 
a Geophilus sliining with a brilliant phosphorescent light. I let 
it crawl over my hand, and it left a bright trail of light behind 
it, which lasted some time. I have Ijecii told that this species 
is common in Epping Forest ; also in Cambridgeshire.^ 

besides G. electricus, G, phosphorens has been described as 
a luminous species by Linnaeus, on the authority of a Swedish 
sea captain, who asserted that it dropj)tHl from the air, shining 
like a glow-worm, upon his ship when he was sailing in the 
Indian Ocean a hundred miles from land. 

What the use of this phosphorescence may be is not known with 
any degree of certainty. It may }ye either a defence against 
encunios, or else a means of attracting the two sexes to one another. 

The places which the Myriapods select for their habitation 
vary as much as their colour and size, though, with a few excej)- 
tions, they chose dark and obscure places. A curious species of 
Myriapod is Fsendotremia cavernaruvi (Cope), whicli is found in 
certain caves in America, The peculiar life it leads in these 
caves seems to have a great influence on its colour, and also 
affects the development of its eyes. Mr. Packard’s account 
of them is worth quoting: ‘‘Four specimens which I collected 
in Little Wyandotte cave were exactly the same size as 
those from Great Wyandotte cave. They were white tinged, 
<lusky on the head and fore part of the body. The eyes are 
black and the eye-patch of the same size and shape, while the 
antennae are the same. 

“ Six specimens from Bradford cave, Ind. (which is a small 
grotto formed by a vertical fissure in the rock, and only 300 to 
400 yards deep), showed more variation than those from the two 
Wyandotte caves. They are of the same size and form, but 
slightly longer and a little slenderer. . . . The antennae arc 
much whiter than in those from the Wyandotte caves, and the ' 
^ See L. Jenyns* Olaervatiom in Nat, Hist, London, 1846, p. 296. 
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head and body are paler, more bleached out than most of the 
Wyandotte siiecimens. ... It thus appears that the body is 
most bleached and the eyes the most rudimentary in tlie Ih’adford 
cave, the smallest and most accessible, and in which conse(]uently 
there is the most variation in surroundings, temiK?rature, access of 
light and changed condition of air. Under such circumstances 
as these we should naturally exjject the naist variation.” ' 

A strong contrast to these animals is atVorilial us by the 
Scutigeridae (Schizotarsia). They are unknown in this country, 
but abound in some of tlie IMediterraneaii countiies and in parts 
of Africa. They remind one strongly of spiders, with tlieir long 



legs and their pecidiar way of running on stones and about the 
walls of houses. 

Some years ago I was in Malta, and I used t(» go and watch 
them on the slopes outside Valetta, where they wen* to be found 
in great numliers. They used to come out from beneath great 
stones and run about rapidly on the ground or (ui the stones and 
rub])ish with which the ground was covered, now and again 
making a dart at some small insect which teaupted them, and 
seemingly not minding the blazing sun at all. As might be 
expected from tbeir habits, their eyes, far from lieing rudi- 
mentary, like those of the cave-living Pseudotremia, or absent 

^ A Revision of the Lysio]ietali(lae, a family of the Clnlognath Myriai>oiIa, with 
notice of the genus Cambiila" by A. S. Packard, junior, Proe, Amtr. Phil, Aoc. 
Kxi. 1884, p. 187. 
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like those of the Polydesmidae, or of our own Cryptops, are 
highly developed, and form the only example among the 
Myriapods of what are known as facetted eyea The Scutigeridae 
are also remarkable among Myriapods for the possession of a 
peculiar sense-organ which is found in no other Myriapod. 

The Myriapods most numerous in our own country are 
Lithohins and Juhis, Lithohius, which will be described later on, 
may be found in almost any garden under dried leaves, stones, 
etc. Julm, the common wire-worm, is found crawling on plants 
and leaves and under the bark of trees, and does a good deal of 
damage in a garden. Polydesvius is also freciueutly found in 
great numbers, and usually a great many of them together. 
Gloineris is also found, though it is not so common as the first 
two mentioned animals. Geophilm is also common, and especially 
in the south of England. Scolopendridae are only represented 
by a single genus, Cryptops, which is not very common, thougli 
l>y no means rare. The best place to find them is in manure 
heaps. The animals of this species are small compared to most 
Scolopendras, and have the peculiarity of Ijeing without any eyes. 

Scutigem is imrepresented in this country. One was found 
in Scotland some years ago by Mr. Gibson Carmichael, but was 
shown to have been imported, and not breil in the place. 

The means of defence possessed by these animals also differ 
very much in the different species of Myriapods. In the 
Centipedes the animals are provided with a powerful weapon in 
the great poison claws which lie just l)eiieatl\ the mouth, and 
which arc provided with large poison glands, which supply a 
fluid which runs through a canal in the hard substance of the 
claw and passes into the woiuid made by the latter. The effect 
of this fluid is instantaneous on the small animals which form 
the food of the Ceiitii)edea I have myself watched Lithobius in 
this country creep up to a blue-ljottle fly and seize it between the 
poison claws. One powerful nip and the blue-l)ottle was dead, as 
if struck by lightning. I have also seen them kill worms and also 
otlier Lithobius in the same way. When another Lithobius is 
wounded by the poison claws it seems to be ptiralysed behind 
the wound. The Millepedes, on the other hand, have no such 
offensive and defensive wcajioiL They rely for protection on the 
fluid secreted by the stigmata repugimtoria (or glandtdae odori^ 
ferae) mentioned before. This fluid has been shown to contain 
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prussic acid, and has a very unpleasant odour. Most of the 
.Millepedes are provided with these glands; but. in the cave 
Myriapods mentioned before, the animals luive not to contend- 
against so many adversaries, and these glands almost disappear. 
Other Myriapods defend themselves by means of the long and 
stiff bristles with winch they are pro- 
vided, e,g, the little Polyxcnus. This 
means of defence seems 'to have \mm 
more common among the fossil Myria- 
pods than among those still living. 

Variations in the sliape and size of the 

limbs are numerous, as might teexpected 

, , r , X C. L. Koih, Die Myriapwicn), 

in 8(» large a class ot animals. One ot 

the most curious of such variations is found in a Centipede of the 
Scolopeiidra trilx*, cfdled Evvonjhasi, in which the last limbs are 
flattened out and provided with paddle-shaped lolies. The use 
of these is unknown, lait it is probable that they are conccriK'd 
in some way with the breeding habits of the animal. Tlie 
habits of the MyriajKids connected with their breeding are most 
interesting, but have l^een very insutliciently investigated. There 
is no doubt that a full inquiry into all such habits would l)e of 
great interest, and would helj) to answer some of the jiroblems 
w’hich are still unsolved in tliese forms. My own observations 
refer to two ff»rms — Jnlns terrestris among the Jlillepedes, and 
Lithohins forficatus among the (Centipedes. Jvlvs terrestris is 
one of the most common of the English Millepedes, and can l)e 
easily obtained. I kept them in large shallow glass vessels with 
a layer of earth at the bottom, and thus was able easily to 
watch the whole prociess. They breed in the months of May, 
dune, and July. The female Jnlus when about to lay her eggs 
sets to work to form a kind of nest or receptacle for her eggs. 
She burrows down into the earth, and at some distance Inflow 
the surface begins the work. She moistens small bits of earth 
with the sticky fluid secreted by her salivary glands, which 
l)ecome extraordinarily active in the spring. She works up 
these bits of earth with her jaws and front legs till they are of 
a convenient size and shape, and places them together. When 
complete, the nest is shaped like a hollow sphere, the inside 
*l)eing smooth and even, while the outside is rough and shows 
the shape of the small knobs of earth of which it is composed. 
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She leaves a small opening in the top. The size of the whole 
nest is about that of a small nut. When she is ready to lay her 
eggs she passes them through the hole in the top, and usually 
lays about 60 to 100 eggs at a time. The eggs, which are very 
small, are coated with a glutinous fluid which causes them to 
adhere together. When' they are all laid she closes up the 
aperture with a piece of earth moistened with her saliva ; and 
having thus hermetically sealed the nest, she leaves the whole to 
its fate. The eggs hatch in about twelve days. 

A German naturalist, Br. Verhoeff, has lately found that the 
males of some Julidae undergo certain changes in the form of the 
legs and other organs in autumn and spring. These changes are 
probably connected with the breeding of the animal, and remind 
us of the changes undergone during the breeding season by salmon 
among the fishes. 

Jidm breed very readily if cai-efully attended to and well 
supplied with food. If they cannot obtain the food they like 
they will not breed so well. I found that sliced apples with 
leaves and grass formed the liest food for them. 

The prcjceas in the case of Lithohius is much hanler to watch. 
ZWiobim is not so plentiful as Jidns temstris, and the animals 
are more imi«tient of captivity, more shy in their habits, and do 
not breed so readily. 

In January 1889 I was given the use of a room in the Xew 
Museums at Caml)ridgc, and was allowed to fit it up as I liked, 
so that I was able to trj’ the effect of different degrees of light 
and darkness, ami of different degrees of warmth. I succeeded 
in obseiwing the whole process. The female Lithohivs is 
furnished with two small movable hooks at the end of the 
under stmfiice of the Ixxly close to the opening of the oviduct. 
These small hw}k8 liave Iwen oljserved by many mituralists, but 
their use has, so far as I know, never been described before. 
They play an important part in the proceedings following the 
laying of the egg. The time of bi’eeding in Lithohivs is rather 
later than in Jvlus, and begins alwut June and continues till 
August. There are first of all some con'vulsive movements of the 
last ^gments of the body, and then in about ten minutes the 
egg appears at the entrance of the oviduct The egg is a 
small sphere (about the size of a number five shot), rathef' 
larger than that of Juhis, and is covered with a sticky slime 
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secreted by the large glands inside the body, usually called the 
accessory glands. When the egg falls out it is received by 
the little hooks, and is firmly clasped by them. This is 
the critical moment in the existence of the Lithohim into 
which the egg is destined to develop. If a male Lithobins sees 
the egg he makes a rush at the female, seizes the egg, and at 
once devours it. All the subsequent piuxieedings of the female 
seem to be directed to the frustration of this act of cannibalism. 
As soon as the egg is firmly clasped in the little hooks she 
rushes off to a convenient place away from the male, and uses 
her hooks to roll the egg round and round until it is completely 
covered by earth, which sticks to it owing to the viscous material 
with which it is coated ; she also employs her hind legs, which 
have glands on the tliighs, to effect her purpose. When the 
operation is complete the egg resembles a small round ball of 
mud, and is indistinguishable from the surrounding soil. It is 
thus safe from the voracious appetite of the male, anil she leaves 
it to its fate. The number of eggs laid is small when compared 
with the number laid l)y Julus, 

The food in the case of LUliohius consisted of worms and 
l)lue-b<»ttlcs, which wen? put alive into the glass v(»sscl containing 
the Lithohim, 1 tried raw meat chopjxMl up, Imt they did not 
tlirive on it in tlie same way that they did on the living animals. 
1 also put into their vessel bits of rotten wood containing larvae 
of insects, etc. 

1 ha ve succeeded in bringing back some specimens oiroUjitesmuR 
alive from Madeira, and in getting them to lireed in this country 
— of course in artificial warmtli — and tlieir way of laying eggs 
and making a nest resembles that of Jains. Graph i I as has om* 
curious liJibit in connexion with the fertilisation of the female. 
The male spins a web and dejMjsits in the middle of it a single 
spermatophore, iind the female comes to the we)» to l)e fertilised. 
The Scolopendridae arc SJiid to bring forth their young alive, l»ut 
I think the evidence for this is unsatisfactory. What have 
been taken for the young Scolopendrae are perhaps thu large 
spermatophores of the male, which are not unlike a larval Myria- 
pod in size and shape. I liave never been able to ol)serve the 
l)rocess of breeding in this family. I have had the spermatophores 
sent me from Gibraltar as " eggs,” but a little examination soon 
showed me their real character. 
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The mode of progression iii the Myriapods differs considerably, 
os might be expected in a class in which the numljer of legs 
varies to such an extent. The swiftest among them are the 
Scutigeridae with their long spider-like legs. The Scolopendridae 
are also able to move with considerable rapidity, and are also 
able to move tail forward almost as well as in the ordinary 
manner. Where tliere are such a nuralwr of legs it becomes a 
curious question as to the order in which the animal moves 
them ; and though several people have endeavoured to find this 
out, the numl)er of legs to be moved and the rapid movements 
have rendered accurate oliservatioii impossible. 

Some years ago Professor E. Eay Lankester tried to study the 
order in wliich the legs of Centip(:‘.des moved, and came to the 
conclusion (rec(>rded in an amusing letter in NaturCy 23rd May 
1889) that if the animal had to study the question itself, it 
would not get on at all. He finishes his letter with the follow- 
ing verses : — 

A Centipede was happy quite 
Until a toad in fun 

Said, “ Pray which leg moves after which ? ” 

This raised her doubts to such a pitch, 

She fell exhausted in the ditch, 

Not knowing how to run. 

The progression of Millepedes is much slower than that of 
the Centipedes, and it is remarkable that when the animal is in 
motion a sort of wave runs down the long fringe-like row of feet. 
I have endeavoured to make out this motion, but have never 
been able to understand it satisfactorily. My belief was that 
the feet were moved in sets of five. 

This wave-like peculiarity of motion is described in a curious 
old book, An Essay tovxmh a Natural History of Serpents. 
Charles Owen, D.D. London, 1742: "The .^bua, so the 
natives of Brazil ctill the Millepedes and the Centipedes, are 
serpents. Those reptiles of thousiind legs Imid as they crawl 
along, and are reckoned very poisonous. In thesis Multipedes the 
mechanism of the body is very curious; in their going it is 
observable that on each side of their Ixxlies every leg has its 
motion, one regularly after anbther, so that their legs, being 
numerous, form a kind of undulation, and thereby communicate 
to the body a swifter progression than one could imagine where 
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SO many short feet are to take so many short steps, that follow 
one another rolling on like the waves of tlie sea ” 

Before proceeding to the classihcation of Myriapods, which 
will form the next part of this account, a few words on the 
common names for them may not be without interest. 

In English we have the names Centipede and Millepede, 
and the Continental nations have similar names implying tlie 
possession of a hundred or a thousand legs, as the Cerman 
" Tausendfusse ” and the French " Millepieds.” Of course these 
are general words, simply implying the possession of a great 
number of legs. But we have also among the jaMiSiintry a name 
for Centii)ed(is wliich conveys a much more acciUi*ato idea of the 
numl)er. The people of the eastern counties (I daresiiy the 
term is more widely spread) call tlicm “ forty legs.” This is not 
quite accurate, but as Lithobins has 17 legs on each side, and 
ffcolopendra(Cryptops is the Englisli species) has 21 on each side, 
it is a better approximation than Centipede. But another 
country has a still more accurate term. 1 found some Scolo- 
pemlm in Bcyrout, and asktid my native servant what he called 
them. He gave them whnt I afterwards found was tlie common 
Arab name for them, “'arba wAl *arlwrin,” forty-four legs. Now 
the Scolopeudras, which in hotter climates are the chief repnisenta- 
tives of the Centipedes, have iictually forty-two legs, or, if the 
poison claws are counted, forty-four. In looking up the Aral) 
term for Centipede I came across a curious description given of 
them by Avicenna, the great Arabian physician : This is an 

animal known for its habit of going into ears. For the most i)art 
it is a palm's length ” [about four inches, which is the averag(i 
length of many sj)ecies]. “ On efich side of the body it has twenty- 
two feet, and moves equally well either backwards or forwards.” 

With regard to its alleged habit of going into ears, the 
learned Arabian has evidently made a false imputation on the 
character of our animal, and has probably relied too much on the 
stories told him. He has also exaggerated in stating that it 
goes equally well either backwards or forwards. Some Centi- 
pedes can go backwards very easily and well, though not so well 
as forwards. Perhaps he preferred examining dead specimens, 
which afford an easy opportunity of counting their legs, to experi- 
^menting with living animals, which might have resented liberties 
taken with them. 
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The Persians have several words for them, less accurate than 
the Arabs and more like our own terms. For instance, they call 
them " Hazarpa,” or thousand feet, like our Millepedes ; also 
" Sadpa,” or hundred feet, equivalent to our Centipedes. Another 
term resembles our common term before mentioned, " Chehlpa,’* 
forty feet. A more figurative term is “tasbih dud,” a worm 
resembling a rosary with a hundred beads ; this word is trans- 
lated in Richardson’s Persian Dictionary as “ a venomous insect 
having eight feet and a piked tail.” 

Olasaiflcation of the Myriapoda. 

Two of the principal writers on the classification of the 
Myriapods are Koch and Latzel, both of whom have classified 
the whole group. I do not wish for a moment to undervalue 
the many authors Avho have done excellent work on the classifi- 
Ciition of different groups and families, but 1 wish here to give 
an outline of a classification of the whole class, and I naturally 
have iijcourse to the authors who have treated the subject as a 
whole. 

. Koch’s two works, the System dev Myriapoden ^ and Die 
MyruqiQden^ cover the whole range of the class, and his divisions 
are clearly marked out and are easily understood, but both works 
are comparatively old. He does not include the Scolopendrellidae 
or the I’auropidae, which are now included by all naturalists in 
the Myriapoda. Ijatzel is a more recent writer, and though his 
work is entitled The Myriajmds of the Austro-Hnnyarian Empire;'^ 
lie gives much information about Myriapods not found in 
Europe, and his work is fairly entitled to l»e considered as 
embracing the whole class. lie divides the Myriapods into four 
Orders, including the Scolojiendrellidae and l^iuropidae. On the 
whole, I think it will be better here to take the classification of 
Koch, and to add to it the two Orders before mentioned, viz. 
Symphyla containing one family the Scolopendrellidae, and Pauro- 
poda with one family the Pauropidae. 

Thijp^rders are as follows : — 

^ C. L. Koch, SysUm der Myriapoden, Rogeasberg, 1847. 

- C. L. Koch, Dk Myriapoden, Halle, 1863. c 

* Latzel, Die Myriapoden der (Ederrcichiach-Ungarisclien Monarctik, Wien, 
1880. 
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Order!. Chilognatha (=:Diplopoda). 

Antennae short, 6, 7, or 8 joints. Eyes congregate, simple, 
or none. Body rings consisting of dorsal scute, two pleurae, 2 
or 4 laminae pedigerae. Odorifer<»us glands mostly present. 
Genital orifice in male and female placed between 2ud and Ilrd 
segment. In male, auxiliary copulatory organs in last segment 
or on 7th, 7th and 8th, or 8th. 

Suborder 1. Pselapsoonatha. Body having no auxiliary copulatory 
organa or odoriferous glands. 

Family 1. Polyxenidae, (Fig. 18, j). 37.) 

Antennae 8 joints. Somites 1 1, last with bundle of setae. 1 3 pail's of legs. 
Male with penis. 

Family 2. Glomeridae. 

12 tergites. 17 paii*s of legs. Ocelli in single row. 



Fkj. 19 . — Olomeris marginata^ (From C. L. Koch, Die Myriapodciu) 
Family 3. Zqdironiidae, 

13 tergites. 21 pairs of legs. Eyes crowded together in a climter. 


Fig. 20 . — Sjjfiaerotlierinni yroftsum, (Frotn C. L. Koch, Die MyriujitHleH.) 


Family 4. Julidaa, 

Body cylindrical. More than 30 hotly rings. Many eyes crowded 
together in a cluster. Odoriferous gland.s always present. 



Fic. nemxtrentuf. (From C. L Koch, Die Myriapoden,) 
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Family 6. Blanjulidae, 

Thin cylindrical body with more than 30 body rings. Eyes either 
absent or in a simple row beneath the edge of the forehead. 



Fig. 22 . — Blanjulus gutUdatus, (From C. L. Koch, Die Myriapoden,) 

Family 6. Chonleumuhe, 

Bcseinble the Polydesmidiie (Fam. 7), but the head is longer and less rounded 
in the forehead. The antennae are placed more at the side of the head. 
Eyes small and numerous, in a cluster. Somites 30 or 32. (Fig. IG). 

Family 7. Polydemidae. 

Body cylindrical, with a lobe or keel on the posterior part of the upper 
surface of the body ring. Somites 19 or 20. No eyes. 



Fig. 23. — Polydesmiis coUarU, (From C. L. Koch, Die Myriapoden.) 

Siibonler 2. Colobognatha. Family 8. Polyzoniidae. 

Hea<i small, eyes few or none. Mouth-parts degenerate, adapted for 
sucking. Pleural scutes free or coalesced. Laminae pedigerae free. Somites 



Fig. 24 . — Polywnium yermanicum, (From C. L. Koch, Die Myriapoden,) 

30 to 108, 1st and 2nd somites with one pair of feet. 3id or Ist and 
2nd apodous. Foramina rejnignatoria i^resent, Auxiliary copulatory organ 
in 7th somite. 

Order 11. Chilopoda (or Syngnatha). 

Antennae with many joints, at least 14. Only one pair of 
legs to each body ring. The genital opening on the last ring ^ 
of the body. Bases of the legs widely separate. 

There are four families in this Order : — 
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Family 1. Liihohiidae, 

Body flliort and deprcijseil. Eyes many or f«\v ; or a singli* ocellus on 
each side. Antennae many joints but shorter than l)ody. Number of 


Fkj. 25. — IMhobius erythrocephalus, (From C. L. Koch, hie MyriupmieH.) 
spiracles fewer tliaii pairs of feet. Strong anal legs. Number of somites 1.''). 
Family 2. Scolo])endridaf. 

Body elongate. Ocelli on each si<Ie 4, 2, or none. Antennae 17 tn 2» 
joints, iniu^li shorter than iKsly. Spiracles fewer than juiim of feet. Anal 
legs long and strong, number of legs 21 or 23. (Fig. 15, p. 31.) 

Family 3. XoUqMidae, 

Body very long. Somites 100 to 170. No eyes. Maxillary pali»s veuy 
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Family 4. Geophilidae. . 

Body very long; legs 13 to 173 pairs. No eyes. Antennae 14 joints, 



Fio. 27.~-OeophUu8 longicornis, (B'rorn C. L. Koch, Die Myriapoden,) 

shorter than body. Spiracles fewer than pairs of legs. Anal pleurae coxi- 
fonn. 


Order III. Sciiizotarsia. 

The tarsi of all the legs inultiarticulate. The eyes facetted. 
Peculiar sense organ beneath the head. 

Family 1, Scntigeridae, 

Body short and strong. Antennae very long and thin. Facetted eyes. 
No spiracles^ but stomata in back. (Fig. 17, p. 35.) 

Order IV. SymphyijA. 

Body small, 12 segments, which according to Schmidt etj^ual 
22 primary segments. One pair of tracheae opening in the head. 
Genital opening before coxae of 4th pair. 1st and 2nd segments 
with one pair of legs, rest with a pair and parapodia. Ovariea 
beneath the gut. A head artery and a dorsal vessel with ostia 
and alary muscles. 

Family 1. Scoiopendrellidae, 

With the characters of the Order. 
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Order V. Paukopoda. 

Body 1 2 somites, 8 of which fuse to double somites, 7 pairs of 
legs. 1st and anal legs with 5 joints, rest 6 joints. Antennae 
branched. No tracheae or vascular system. Ovary below gut, 
testis above. Genital opening in 3rd somite. 


With long h-gs. 
With short logs. 


Family 1. Pauropidae, 
Family 2. Eurypaaropidae. 


The Structure of the M]rriapoda. 

Having now given a sliort view of the classification of the 
Class, i will proceed to give a general account of their stnictun'., 
tlie variations in whicli have led to the divisions into tlie various 
Orders and Families. Their structui'e shows resemblanci^s to 
several widely different classes of animals. One cannot help 
lK‘ing iinj)reS8ed with their likeness to the Worms, at tlie same 
time they have aflinitics with the Crustaceans, and still more 
with the Insects. In the latter class tlie likeness of the Thy- 
sanuridae to &olopendreUa and Pauropns luive induced a cele- 
brated Italian anatomist, Professor Grassi, to claim the former as 
the ancestors of the JVryriapoda. 

Myriapods have a body which is segmented, as it is termed ; 
that is, composed of a number of more or less similar parts or 
segments joineil together. 

One of the most important characteristics which distinguish 
Myriapods from other Arthropoda is the fact that they posst*ss 
on the posterior segments of the body true legs which are 
jointed and take part in hxjomotion. Tlie head is in .all cases 
quite distinct from the body, and may be regarded as a number 
of segments fused together into one mass. Their heads are 
always provided with a single jiair of amtennae, and mouth 
appendages, consisting of an upper lip, a pair of mandihles or 
jaws, and one to two pairs of mamllae. The mandibles resemble 
those of Insects, and are strongly toothed. In the (>liilognatha 
pair of maxillae are fused so as to form a single oval appendage. 
In the Chilopoda they each cx)nsist of a single blade bearing a 
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short palp or feeler. The mouth parts may have the forms 
known as chewing, biting, or suctorial {Polyzonium) mouth 
appendages. 

With the exception of the terminal segment, and in many 
cases the first or the seventh, each segment bears one or two 
pairs of limbs. These may be very long, as in Scutigera, or very 
short, as in Polyxenus. They may be attached close to one 
another near the ventral middle line of the body, or may 
have their bases far apart from each other, as in the Chilopoda. 
The exoskeletou or external armour is composed of chitin 
(Cliilopoda) or of . chitin with calcareous salts deposited in it 
(Chilognatha). 

Their internal structure has a great likeness to that of 
Insects. 

The general position of the internal organs may be seen from 
Fig. 28, which shows a Lithobius dissected so as to exhibit the 
digestive and nervous systems. 

The digestive canal, which is a straight tute, extends through- 
out the whole length of the body, and terminates in the last 
segment of the body. It may be divided into the following 
parts : — 

1. A narrow oesophagus, beginning with the mouth or ))uccal 

cavity, and receiving the contents of two or more 
salivary glands (d), 

2. A wide mesenteron or mid-gut {n) exteniling throughout 

almost the whole length of the body. 

3. A rectum which at its junction with the mid-gut receives 

the contents of two or four Malpighian tubes (g, h) which 
function as kidneys. Their function was for a long 
time unknown, but the discovery of crystals of min 
acid in them placed the matter beyond doubt. 

The heart has the form of a long pulsating dorsal vessel 
which extends through the whole length of the animal. It is 
divided into a number of chaml3ers, which are attached to the 
dorsal wall of the body, and are furnished with muscles of a 
wing-like shape, which are known as the alary muscles, and 
which govern its pulsations. The chambers are furnished with 
valves and arteries for the exit of the blood, and slits known as 
ostia for the return of the blood to the heart. The blood enten$^ 
the chani^s of the heart from the body cavity through the 
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ostia, ami passes out tlirough tlie arteries t*) cin'ulate throuyli 
the organs of the hoily ami to return \iy tlu' ostia. 

The two figures below (Figs. 20 ami 00) sliow tln^ posit ion of 
the arteries ami the ostia in a single segment of the lH)ily. The 
heart is too small ami delicate to lie seen with the naked eye : it 



Fi i. 28 . - //</// ais- 
.scftfij. (Alter Vojift 
iind Yung.) 

Of aiitrniiao. 

/>, poiMoii claws, 
r, brain. 

t/, .salivary glainl.‘<. 
r, legs. 

J\ nerve coni, 
y, Malpigliiiin tube. 

/^ Malpighian tube. 

U vesicula .seininnlis. 
j\ accessory glaml. 
l\ accessory glaiul. 

/, testis. 

9//, thigh gland. 

9/, digestive tube. 


therefore requires the aid of the microscope. A frcsidy-killed 
animal was therefore taken and prepared in the manner km»wn 
to all microscopists, and extremely thin slices or sections cut 
horizontally from its l)ack. One of these sections cut the whole 
fength of the heart in one segment, which was accordingly drawn 
under the microscope (Fig. 29), and shows a longitudinal hori- 
vou V E 
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zontal section through the whole length of the heart in a single 
segment, with the two ostia at each end of the segment and the 
two arteries in the middle. 

The arteries, when they leave the body, pass into masses of 
fatty tissue on either side of the heart, and the other figure (Fig. 
30 ) is intended to show the artery leaving the heart and penetrating 
into the fatty tissue. The figure is taken from the sjime section 
as the former one, but is much more highly magnified, so as to 
show more detail. The delicate coats of the heart are shown, 
the artery being covered with a clothing of large cells. 



j 


Fig. 29. — Heart of Fio. 30. — IIe.*irt of Julua terreatris h1i owing structure of 
J\dm terreatria artery (^r^.) uud external coat of heart {exLc\ also fat body 

showing ostia {oat) (Fb\ highly magnified. ///, The cavity of the heart. The 

and arteries (Art) circular muscle fibres which surrounds the heart are shown 

magnified. just below the external coat (ext,c) ogl, Oil globules of the 

fat body. 

Myriapods breathe by means of trarhear, with the exception of 
the Sentigeridae, which have an elementary form of lung which 
resembles that of spiders, and will be nienlioned further on. 
These tracheae, as in Insects, are tulles lined with chitin, which 
is arranged in spiral banils. The tracheae open to the exterior 
by openings called digmata, through which they receive the 
external air, which passes into the main tracheal tubes and into 
their ramifications, and thus effects the aeration of the blood. 

Tlie nervom system of the Myriapods consists, as in Insects, 
of a brain, which may he more or less developed, a circum- 
oesophageal ring embracing the oesophagus, and a ventral chain 
of ganglia, and in some cases (Newport) of a system of visceral 
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nerves. AVith the nervous svstem we niav mention the sense 
organs, the eyes, which are present in most cases, though 
wanting, as has l)een already staUnl, in many groups. They are 
usually present as clusters of rM.*elli <a* eje spots closely packed 
together, or (in Svatitjcru) as [leeuliarly formed facettexl eyes. The 
sensory hairs on the antennae must l>e reckoned as sense organs, 
as also the tufts of sense hairs cm the head of 7V»/y,/r////s. Svttfi- 
gcm has also a peculiar sense organ beneath tlu» heail, consist- 
ing t>f a sac opening on the under side of the head full of 
slender hairs, each of wliicli is connected at its base with a nerv(? 
lihre. Kxcept tlie ey(*s, the Myriapod sense organs have usually 
the form of hairs or groups of liairs connected with nerve iilues, 
wliich communicate with the central nervous system. 



FlCf. 31.-" UiuUm' of the head 
of Scutifjrra coleoptrnUij Avitli 
sense organ, oo^ Opening of 
sense organ to Die exterior ; 
0 , .sense organ sliown through 
the chitin ; ;/>, iiiotiDi ; oc, 
eye ; '/w.>7, nmxilla ; / furrow in 
the ehitin. (Henthcote, .Sense 
organ in Scutujera coleoptrata. ) 



Fig. 32. — Highly magnified section through head 
of l*olyx£mi8 liKjurus^ tihowiug sense organ. 
ej:t,cuty external cuticle ; f, tube siirroiinding 
base of sense hair ; ganglion cell. 

(Heathcote, Auatoiuy of Pulyxenus Iwjarns.) 


These two sense organs are shown in Figs. ol and .‘12. 
Fig. 31 shows the under side of tlie head of Scutif/em (Fig. 
17), with the position of the sense organ and its opening. 
Fig. 32 is part of a st»ction through i\n) head of roliprum with 
two f)f the sense hairs. Each spine or sense liair fits into a cup 
in the chitin of the head ; and the lower or internal part, which 
is divided from tlie npj)er or ifxternul part by a rim, is joined to 
a ganglionic nerve cell (^anyx,). 

, The Myriapods are of separate sexes, and the generative 
organs in both cases usually liave the form of a long unpaired 
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tuljc, which in the male is connected with accessory glands, and 
in the female is usually provided with doulde receptacula 
Berninis. The generative openings usually lie near the base of 
the second pair of legs (Chilognatha), or at the posterior end of 
the Ijody (Chilopoda). In the Chilognatha there is usually in the 
male an external copulatory organ at the base of the seventh pair 
of legs, remote from the genital opening. 

The preceding account of the anatomy of the Myriapods has 
shown us the general characteristics of the whole group. I shall 
now take each of the five Orders into which the class is divided 
in the classification adopted in this account, and endeavour to 
explain the differences in anatomy wliich have led to the (istab- 
lishmeiit of the Order. The first Order with which we have to 
do is that of the Chilognatha, wliich includes a large number of 
Myriapods; no less than eight families, sonic^of them including 
a great number of forms. ^ 

Order I. Chilognatha. 

The Chilognatha differ from other Orders in the shape of the 
body. This is in almost all cases, cylindrical or sub-cylindrical, 
, instead of being more or less flattened as in the other Orders. 

Tlie body, as in all other Myriapods, is composed of segments, 
but in the Chilognatha these segments are composed, in almost 
all cases, of a complete ring of the substance of which the 
exoskelcton (as the shell of the animal is called) is composed. 
This substance is in the case of the Chilognatha chitin (a kind 
of horny substance, resembling, for instance, the outer (jase of a 
beetle’s wing), containing a quantity of chalk salts and colouring 
matter ; the substance thus formed is hard and tough. In other 
Orders the chitin of the exoskeleton is without chalky matter 
and is much more flexible. The lengtli of the body, as may be 
seen from the classification, may be either very long, as in Julus, 
or very short, as in Glomeris, 

The next anatomical character distinctive of the Order is 
the form of the appendages. First, the antennae. These are, as 
a general rule, much shorter than in the Chilopods, never 
reaching the length of half the body. They are, as a rule, club- 
shaped, the terminal half being thicker than the half adjoining 
the body. 
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The next appendages to lie mentioned are the mouth jmrh. 
These difler in form from those of the other Orders, and their 
diflerences arc connected very largely with the fact tliat tlie 
Chilognatha live on vegetable substances. Their moutli parts 
are adapted for chewing, except in the case of the Polyzoniidae, 
the eighth family of tlie Order, in which, according to Bramlt, 
the mouth parts are adapted for sucking, and are prolonged 
into a kind of proboscis. The mouth parts of the Chilognatha 
consist «)f — 

( 1 ) Ail upper lip, A transversely-placed plate, which is fused 

with the rest of the head. 

( 2) A jiair of powerful mandibles or jaws adapted for mastica- 

tion, and moved by powerful 
muscles. / and <7 in Fig. 
shows thesii mandibles, while 
the rest of the tigure consti- 
tutes the broad plate (Xo. 3). 

(3) A broad jdate c<»vering the under 

part of the head and partially 
enclosing the mouth. This 
structure, which, as we shall 
afterwards see, is formed by 
the fusion of two appendages 
which are distinct in the 
animal when just hatched, has 
been called the deutomalae, 
tlui jaws receiving the name of 
prf)tomalae. ^ 

After the moutli parts we come to the legs. We first notice 
the fact that the ba.ses of the legs in each pair avo clostdy 
approached to one another. They are so set into the body that 
the l)asiil joints, or, as tliey are called, the coxal joints, nearly 
touch. This is the case in almost all Chilognatha, except in the 
Polyxenidae, and it is a fm;t connected with some important 
features in tlie internal anatomy. Then we have the peculiarity 
in the (Miilognatha whizdi has formed the basis of most classifi- 
cations which have placed these animals in a group by themselves. 
This is the possession in most segments of two pairs of legs. 
•This characteristic has cau.sed the group to Tie called l»y some 
naturalists Diplopoda. As a general rule, the first four segments 



Pi(i n.3. — Month pftrtsi of 
ChifotjnaOui. (From C. L. 
Koch, JJie System tier 
Myrwjiothn,) f and »/, 
The mnmliblcs. The parts 
marked (f, A, c, </, c ni-e 
firmly united and consti- 
tute the broad jdate No. 3. 
They have received the 
followinjk; names — r/, ft. In- 
ternal stipes ; r, external 
stijies ; (/, malellae ; e, 

hypostoma. 
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have only three pairs of legs l)etween them, one of them being 
without fi pair of legs. This legless or apodal segment is 
usually the third. From the fifth ^segment to the end of the 
body all the st».gments have two pairs of legs each. The legs are 
shorter than those of the Chilopods, and are all nearly ecpial in 
size. This is not the case in the other Orders. The legs are 
commonly w’anting in the seventh segment of the male, and are 
rephiced by a copulatory organ. This peculiarity is related to 
tlie different position of the generative openings in the Chilo- 
gnatha. Another anatomical feature peculiar to the Chilognatha 
is the possession of the stink glands — the ylnnduhie odorifcme 
l)efore mentioned. This, l\owever, is a cliaracter which does not 
hold for all the (.-hilognatlia, since the rolvxenidae have none of 
these glands. All tin* other families, liowever, possess them, 
except the Chordeumidae. 

As ri'gards the internal anatomy of the Chilognatha, the 
(Uljrsfitr canal differs mainly in the glands wliich sui)]dy it with 
secretions. It receives the stiliva from two long tul)ular salivary 
glands, which open at the liase of the fonr-lohed plate which has 
l>eeu menthnied as the tliird of the mouth appendagi*s. The 
secretion of thc\se glands is used, as has already l)eeu said, in the 
process of [uvparing the nest for the eggs. We cannot fail to 
l)e reminded of a similar fiincthm of salivary glamls in those 
swnllow’s, wdiich jn’cpare the nests of which l)ird’s-nest soup is 
made w'ith the secretion of the sidivary glands. Another feature 
in the form of the digestive tul)e is that in many cases, if not in 
all, it is marked with constrictions which corresi)ond with the 
segments <.)f the ImxIv. 

The heart in the Chilognatha is not such a highly developed 
organ as in the other Orders. The muscles which have already 
been mentioned as the alari/ muscles (or wdng-shaped muscles) 
are not so highly developed, and consist for the most part of a 
few iimscular lil)res. The muscmlar walls of the heart, which 
consist of three layers, have the muscles less strongly developed, 
aiul are in general adapted for a less energetic circulation. 

The tracheae, which open into the stigmata, as has already 
been said, branch into tufts of fine tubes, but the ramifications of 
these tufts never join (or anastomose, as it is called), and con- 
sequently W’e never get, as in the other Orders, long tracheaf 
trunks running along the body. 
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The nervous system, in addition to tlui! existence of tlie 
visceral nerve system descril)ed by Newport, sliows a marked 
j)eculiarity in the form of the ventral yanylionie chain. As 
has already been said, the nerve system consists of a brain or 
mass of ganglia fused together and coniiueted with the ventral 
nervous cord by a collar of nervous substance surrounding the 
oesophagus, and generally known as the circumoesophayeid collar. 
The ventral nerve cord is a stout cord of nervims sul)stan(*e 
passing along the whole length of the animal, and situated below 
(or ventral to) the digestive tube and the generative system. 
This cord is enlarged at certain points, and these enlargements or 
swellings are called ganglia, while from tlu* ganglia jmiss off 
nerves which supply tlu* different organs of the body. In the 
(/hilognatha the cord has a compi-essed appearance as if the 
ganglia were pressed into one another in such a way tliat it is 
very hard to distinguish any ganglia at all. If we use the 
micriKScope and examine sections cut transversely through the 
cord, we see that it is not a simple cord. Even if we examiia* 
the luTve cord with a simple lens, we see that a furrow runs 
longitudinally down it, and the use of the com]M»und microscope 
shows us that this furrow re]»resents a division into two cords in 
such a w’ay that tlie single stout cord as it a])pcared to tlie naked 
eye is in reality two cords running side by siilc*, ami so com- 
pressed together that the substance is pai-tly fused together. 
The ganglia too are double, being swellings of the two conls and 
not a single enlargement on a single cord. As we shall see in 
the otlier Orders, this arrangement constitutes a cbaracteristic 
distinction. 

The ycneratire organs consist of a long tubular ovary or testis 
lying along almost tlie whole length of the ])ody and placed 
lictween the digestive organ and the nervous system. Near its 
exit from the body the long tu)>e divides into two siimt tul>es, 
the oviducts in the female or the rasa ileferentut in the male. 
These ducts 0 })en in the third segment of the l)ody, unlike 
those of Myriapods belonging to other Orders. The accessory 
glands present in most other Myriapods are not present in the 
Chilognatha. 

The general arrangement of the organs of the Chilognatha 
•may be seen from Fig. 34, which represents a transvtuse section 
through the body of Polyxenus (Fig. 18). A coinparisoii of 
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these two figures (Figs. 34 and 18) will show the position of the 
organs mentioned in this account. The heart is shown with 
the suspensory and alary muscles attached. 



Fig. 34. — Transverse section throngli Polyxenvs Inyurm: y.n.r, ganglionic and 

librous parts of nerve coni ; /(ec.sfn^ receptaculuin seniinis ; vri.dct^ oviduct ; 
sperniatoza. (From Heathcule, Anatomy of Polyxenns lay arm,) 


Order II. Chilopoda. 

The shape of the hotly differs from that of the Order which 
has been just described (Chilognatha), inasmuch as it is not 
cylindrical but fiattened, the back, liowever, btdng more archetl 
than the ventral surface. In this respect, however, it cannot be 
said to differ from the other Orders which we liave yet to describe. 

The segments are not formed by a single ring of the 
exoskeleton, wliich in this Order is formed of chitin, and is tough 
and Ilexible rather than hard and strong ; but of two or three 
plates which form a covering to the segment. The back is 
covered by a large plate known as the tergum, the sides by two 
plates known as pleura, and the ventral part by a plate called 
the sfernutii. The pleura and sternum are, however, in most cases 
fused together or iiidistiiiguisliable. In this, as in most of the 
anatomical peculiarities, there is a much greater difference 
between the two Orders Chilopoda and Chilognatha than between 
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the Clnlopoclti and the ulher three Orders which have still to be 
described. 

The Chilopoda have only one pair of appendages to each 
segment of the body instead of two pairs like the Chilognatha. 

The antennae of the Chilopoda are as a rule very long, and 
are always longer than in the Chilognatha which we have just 
described. They diller from those of tlie Schi/otarsia (the third 
Order, which will be the next to be described) in having the 
basiil joints nearer together; in other wonls, tliey are differently 
placed on the lieiid. Tliey differ from those of the Tauropoda 
(the fifth Order) in being straight aiul not branched. As a rule 
the autenn.ae of the Chilopoda taper towards the extrmnity. 



A B C 


Fi< . 35. — Mouth parts of Lithohius (Laizel). A, Head of Lithofdujt seen from tho 
uiuler .surface alter removal of })oisoii c1a\v.s : a, second maxilla ; 5, c, the t^vo 
shafts of the first maxilla. B, One of the mandibles. C, The two ]>oi.soii 
daws. 

The mouth parts are more numerous than in the Order we 
have just described (the Chilognatha). They consist of — 

1. An upper lip. This is a transverse plate as just described 

in the case of the Chilognatha, but it is not always 
fused with the rest of the head. It is also usually 
composed of three pieces, two lateral and a middle piece. 

2. A pair of jaws or mandibles, which are not of so simple a 

form as those of the Chilognatha, but rather resemble 
those of some of the Crustacea. 

3 and 4. Two pairs of apjiendages called maxillae resem- 
bling feet, l)ut used to aid the act of eating instead 
of locomotion. They are very different in different 
Chilopods, but are mostly slender and w(;ak and usually 
• provided with feelers (or palps) growing liut of the 

main stem. 
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5. Tlie next pair of appendages are the first pair of the legs 
of the l)ody, wtiich are also metamorphosed to serve 
a function diSerent from the ambulatory function of 
the other limbs. These are the claws, and tlic 

possession of these forms another distinction between 
the Order we are now discussing and that of the Chilo- 
gnatha. At the same time the third Order, that of the 
Schizotarsia, has poison claws, so that this feature does 
not separate the Chilopoda from all the otlier Orders. 
These poison claws are large curved claws connected 
with poison glands, the secretion of which flows through 
a canal which opens near the point. 

The leys are hniger than those of the Chilognatha, Imt not so 
long as those in the next Order to l)e des(iril)ed (the Schizotarsia). 
Their number is very various, from 15 pairs in Lithohivs tt» 173 
in the Geophilidae. IjJitzel notes a (‘urious point in tlu^ nuinl)er 
of the legs in this Order, namely, the number of pairs of legs is 
always an uneven one. There are always one j)air to each seg- 
ment. The last pair of legs is always longer than the other 
pairs, and this is a ])eculiarity of the Order. 

The diffestivc tuhe resembles that of the other Orders* but 
the salivary glands are not long and tubular but short (Fig. 28, 
(i). It is, moreover, not marked with constrictions corresponding 
with the segments of the body. 

Tlie tracheal system or the system of j*espi ration may be 
said to be more highly develofwid in this Order than in any 
other. The tracheal branches anastomo.se with one another (that 
is, the liranches join), and in some cases form long tracheal stems 
running along the body almost for its whole length. The nunil)cr 
of the tracheal openings or stigmata varies and does not correspond 
with the numl)er of segments. 

The iicrcoas system differs considerably from that in the 
Order Chilognatha ; it resembles that in the Schizotarsia, and 
difters again from that in the other two Orders, Symphyla and 
Pauropoda. The brain shows some differences from other Orders 
chiefly in the devehjpment of the different lobes which are con- 
nected with the sense orgaii.s, the eyes and antennae, for instance ; 
but the most marked difference is in the ventral ganglionic cord. 
First, the ganglionic swellings are much more clearly marked * 
than in the Chilognatha. Secondly, the first three ganglia differ 
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from the others in being nearer to one another and forming a 
single mass when seen by the naked eye, though when examined 
by the aid of a microscope we can see all the different ])arts are 
there. Thirdly, the division into two cords mentioned in the 
Chilognatha is carried to a much greater extent. Tlie ganglia in 
each segment can l)e seen plainly to be duulde, and the cords 
c(ninecting the ganglia are two in number. AVe can plainly set; 
that the ventral nervous system of the Chilo])oda consists of tw(» 
cords lying parallel to one another, and each having a ganglionic 
enlargement in every segment. Whether a viscm-al nervous 
system is present in the group is doubtful. 

The eighth family of the Chilognatha, the I’olyxmiidais show 
ail ap])roach to the Chiloj)od nervous system. 

The generative system differs chieHy in thii ojiening of the 
genital apparatus at the end of the body instead of in the third 
segment; though this dilference only separates the Order from 
the Cliilognatlm and not from the other Orders. They also liave 
two pairs of large accessory glands (as they arc called) connected 
with the genital openings. 

Order III, Schizotarsia. 

Tlic third Order of Myriapods, the 8clii/«>larsia, show a liincli 
greater resemblance to the Cliilopoda than to tlie first Order, the 
Chilognatha. There arc, however, im[)ortant dillerences to dis- 
tinguish them from all the other Orders. 

The sha])e of the body is short, thick, and very (MUiipact. Tlie 
com])ositi(m of the individual segments reseJiihles that found in 
Chilopoda rather than that of Chilognatha. 

Tlie antennae are very long, longer than in any of the 
Chilopods, and are composed of a great number of vesry small 
joints. The mouth parts show a greater lengtli and slemlerness 
than do those of the other Orders meiitiuiu^d as yet. They con- 
sist of- - 

1. All upper lip partly free, hut fused at the si(l(^s with the 

rest of the head. The upper lip is in three iiarts, as in 
the Chilopoda, hut with the middle part very small and 
the lateral pieces large, 

2. A pair of jaics or vinmUhles, These are juovhled not only 

with teeth, as in the other Myriapods, hut also with a 
sort of comb of stiff bristles. 
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3 iiiid 4. Two pairs of maxillae or foot jaws distinguished by 
their length and slenderness. 

5. The claws long, slender, and not sharply curved. 

The bases of the poison claws liardly fused together and 
short. 

The respiratory system in the Schizotarsia differs from that in 
all other Myriapods in the fact before mentioned, that they 
breathe by means of lungs and not by tracheae. There are, as 
before mentioned, eight dorsal scales in these animals ; each dorsal 
scale except the last bears one of the peculiar organs which I 
have called lungs. At the liinder end of the scale there is a slit 
which leads into an air sac, from wdiich a number of short tubes 
project into the blood in the space round the heart and serve to 
aerate it before it enters the heart. The heart, therefore, sends 
aerated Idood to the organs, while in tlie tracheal-breathing 
Myriapods the blood is aerated in the organs themselves by 
means of tracheae. 

The poison eJaws are followed by segments bearing fifteen pairs 
of true amlndatory legs. These are covered by eight large dorsal 
plates, increasing in size from l)efore to the middle of the body, 
the middle plate being the largest, and then diminishing in size. 

The nervous system resembles that of the Chilopoda, but there 
is a special pair of nerves which supply the sense organ, which 
has been mentioned as peculiar to the Order. The ventral nerve 
cord shows a very clear division into two, the ganglia of the two 
corils being almost entirely separate. The first few ganglia are 
fused, as has been mentioned in the Chilopoda. 

The diyestivc resembles that of the Chilopoda. The legs 
are very long and slender, and the joints are be.set with bristles. 
Both sexes have small ho(jk-like appendages at the sides of the 
genital openings. 

The eyes have already been mentioned as being more highly 
developed than in other classes, in correspondence with the more 
active habits of the animal. The generative organs open at the 
hind end of the body, as in (.'hilopoda. 

The heart is highly developed, quite as much so as the 
Chilopod heart, the alary muscles being strong and broad, and 
the arteries being quite as perfect as tliose in any Myriapod. 
The muscular coats which govern the pulsations by their con-* 
tractions are powerful and well developed. 
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Order IV. Symphyla. 

AVe noxt coiir* to out* of the last two Orders wliich have 
been recently added to the iIyi‘ia])oda. Tliese little aiiiinals 
have a great reseinl)lance tu the Thysauum among the Insects, 
and especially to Camjmhui among the Tliysamua. It will he 
well, therefore, to l)egin our account with a few of the reasons 
wliieh have induced naturalists to include them among the 
Myriapods rather than among the Tliysaiiura. 

1. Campodm has three juiirs t)f mouth aj»])endages, while 

Scoloj)endrella has only twc». 

2. Sco/() 2 )cndrella lias broad plates covering thi^ hack, not only 

on the anterior (thoracic) segments, hut on tla^ whole 
body. 

3. The terminal ap])cndnges of SroloprttdrrI/a diili^r from 

those in Camjmhtt. 

4. Scolopendtrlld has a sense organ which is a))sent in 

Catnpodea, 

5. Campodm Vireathes by means of three stigmata in tlie 

anterior part of the bo<ly. The* stigmata of 
dreUa are hard to see, and are not in the same [)osition. 

G. Scohpendrclla has twelve ])airs of legs, and Cfunpodm, likti 
all Insects, has only three. 

I will now go on to an account of their anatomy. The body 
is small and slender, and is covered witli a delicate shell or exo- 
skeleton of chitin, which is so tliiii as to l)e almost trans]>arent. 

The antennae are long, and are composed of many joints of 
equal size. 

The vio%Uh imrts cfjiisist of- 

1. An upper lij). 

2. A pair of mandibles. 

3. A pair (jf maxillae. 

The segments are not all of ecpial size. Some are larger than 
others. The larger and smaller segments are arranged alter- 
nately, and the smaller do not beai* legs. As l)efore stated, then^ 
are twelve leg-l»earing segments. 

At the end of the body there are two hook-like appendages 
which are pierced by a canal, through which is pf>ured the secretion 
*of a pair of glands. Near the sides of tliese appendages are a pair 
of sense organs, con.sisting of long hairs connected with nerves. 
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The digestive canal is a long straight tube j)assing through 
the length of the body. In the middle it is much enlarged, so 
as to form a stomach with a glandular coat. Posterior to the 
stomach the digestive tube receives the contents of two Mal- 
pighian tubes which act as kidneys. 

The tracheal system consists of a single pair of stigmata on 
the under surface of the head, and the tracheae connected with 
them. 

Order V. Pauropoda. 

The Pauropoda, which form the fifth Order of Myriapods, are 
as yet very imperfectly known. Pmmipiis was discovered by Sir 
John Lubbock, and its discovery was announced by him in 1860. 
He found this little Centipede in liis kitchen garden among some 
Thysanura, and at first considered it as a larval form, but 
continued observation showed that it was a mature creature. 
He described it as a small, white, bustling, intelligent little 
cre*iture about inch in length. 

The antennae are very cHirious and highly characteristic of 
the Order, They resemble those of Crustacea rather than those 
of Myriapoda. Each antenna is composed in the following 
manner. First there is a shaft of four joints. From the fourth 
joint of this shaft spring two branches; one of these two 
branches is narrower than tlie other, and ends in a long thin 
bristle composed of a great numlier of joints. The other and 
broader branch bears two such bristles, and between them a small 
pear-shaped or globular body, the function of which is unknown. 

Tlie mouth pjirts consist of two minute pairs of appendages, 
the anterior pair toothed and the posterior pointed. The body 
is rather narrower in front ; the segment behind the head has 
one pair of legs, the second, third, fourth, and fifth behind the 
head two each. The posterior legs are the longest ; the genital 
organs open at the base of the second pair of legs, between these 
and the third pair. The manner of breathing is as yet unknown, 
tracheae not having been discovered. 

Pauropus at first looks most like a Chilopod, but differs from 
that Order — 

1. In the form of the antennae, 

2. In the absence of poison claws and in the form of the* 

mouth parts. 
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3. The opening of the generative organs being in the front 
part of the body. 

It differs from Chilognatha in the following respects ; — 

1. The legs are not of eqiuil length, the posterior legs 

being the longest, as in (.'hil^'pods. 

2. The mouth parts differ from tlu)se of Chilognaths 

almost as much as from those of Cliilopods. 

.‘i. The form of the antennae. 

Only a few l\auropoda have been discovered as yet. 


Embryology. 

The preceding account of the anatomy of Jlyriapods would be 
incomplete without some reference to the wonderful manner in 
whicli the different organs of the body are built up; the wlu>le 
of the comph^x organism proceeding by a gradual and regulated 
proc(»sH of development from a simple cell called the ovum deriv(‘d 
from the femahi l)ody, and united with a cell from the male l)ody 
(called the spermatozoon). I hope to be able to give niy readers 
some idea (»f the interest which the pursuit of the difficult study 
<:»f embryology adds to anatomy, by offering us a key to the inter- 
pretation of the relations between our knowledge of the forms at 
present living on the earth and those which, \ve learn from 
Palaeontology, have inhabited our planet in past ages. 

Like all living creatures with w^hich we are acquainted, the 

starting-point of Myriapod life is the ovum, ^ 

as it is called. This ovum is a ccU rc^sem- 

bling the cells of which the body of all [ 

living animals are built up, and which ^ j 

may be compaml to the bricks of which . / 

a Imilding is conqjosed. This cell oi* 

ovum is a small sphere of living trans- ^ 

^ ^ ,, , . , , Fig. 36. — Young ovum of 

parent suljstance called protoplasm, and it terrestris: nuc/, 

is nmleated — that is, it contains a small nucleolus ; ?«/, nucleus ; 

spot ot denser protoplasm called the yoik ; follicle ceils. 

nucleus, and within that a still smaller 

spot of still more dense protoplasm called the nucleolus. In the 

process of impregnation the ovum unites with the male cell, and 

the cell so formed is called the impregnated ovum. This ovuia^ 

has the property of dividing into two cells, each resembling 
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parent cell from which it is derived ; each of these cells has, like 
the parent cell, the same property of dividing into two more, and 
so on. Thus from this continual pnxjess of division or reproduc- 
tion of every living cell, the materials are provided for the 
building up of the body. 

The regularity of the process of the division of the ovum, or, 
as it is called, segmentation of the ovum, is interfered with l)y 
the presence of food yolL The cells formed by the process of 
cell division just described need nourishment, and this nourish- 
ment is supplied to them by the food yolk formed in the body 
of tlie ovum before the process of segmentation begins. It is 
easy to understand that this yolk, which is not alive like the 



Fio. 87. — Later stage: nu, 
nwcleolus ; c.})^ micleiis ; 
y,sj), yolk 82 )ljeriiles ; ch, 
shell. 


cells, cannot divide like them, and therefore the segmentation of 
the ovum in MyriaiKxls is irregular, as it is called. 

I will now go back a little and describe what happens to the 
ovum before the process of segmentation is complete. It increases 
in size and forms the supply of food yolk which is to provide the 
nutriment of the ovum. Then after impregnation the egg-shell 
is formed round it, and it becomes what we know as the egg. 
This egg is not a perfect sphere, but is oval (in most Myriapods) 
in shape. The egg is laid, and the process of segmentation begins 
shortly after it is laid, as has already been described. 

When it has been laid for about 36 hours, if we take an egg 
iUUd, after proper preparation, cut it into thin slices known to 
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microscopists^ by the name of sections, and examine it l)y means 
of the microscope, we shall see that segmentation has resulted in 
this.. Just beneath the egg-shell there is a thin layer of cells, 
one cell thick, which completely surrounds the egg. Inside 
this coat of cells is the food yolk, with a few cells scattered 
about in it at rare intervals, something like the raisins in a 
plum-pudding. 

With the next lu-ocess the formation of the young llyriapod 
may be said to begin. A strij) along the length of the oval- 
shaped egg is thickened, and this thick mass of cells represents 
the future ventral surface of the animal. Tlu^ rest of the thin 
layer of cells already mentioned just below the sludl will form 
the shell or exoskeleton of the future animal. The thick strij) 
of cells at the ventral surface has l)y this time split into 
layers, so that, resorting to our microscope again, a section through 
the short axis of tlu' oval-shaped egg — a transverse section — 
will show us — 

1. The egg-shell. 

2. A layer of cells completely surrounding the egg, thin 

everywhere but on the ventral surface. This layer is 
known to emluyologists as the cpiUast The thick 
part of the ei)iblast on the ventral surface gives rise to 
the nervous system. 

and 4. Two layers of cells connected in the middle, along 
the line of the thick strip, but separate elsewhere, ami 
not extending round the whole of the inside. I'hese 
layers constitute what is known as the mesoblast, and 
give rise to the muscles and most of the internal 
organs. 

5. The scattered cells in the yolk. They are known as the 
hypoblast and give rise to the digestive canal. 

After this point is reached the formation of the organs 
begins. The segments are formed in order from before back- 
wards. First the head, then the next segment, and so on. 
When the number of segments with which the animal will bt* 
hatched are formed, another process begins, and the tail end of 
the animal, which can already be distinguished, is bent tf)wards 
the head. This is a process that takes place in many animals 
besides Myriapods, and is called the formation of the ventral 
flexure. Shortly after this the animal bursts the shell and conies 

VOL. V F 
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into the outer world. The various pr()cesse8 may be understood 
by reference to the Figs. 36, 37, 38, 39, which are succes- 
sive stages in the development of a Chilognath. Figs. 37, 38, 
are thin slices through the shorter diameter of the egg, which, as 



Fig. 3S. — Transverse section 
through next stage : mk^ 
keel-like mass of cells from 
which the mesoblast is pro- 
duced ; cc, epiblast. (From 
Heathcoto, Post. Emb. Dev. 
of Julua terreatHs ; Phil, 
Ttana, vol. 179, 1888, B.) 


before mentioned, is an oval in shape. Fig. 39 is a section 
through the longer diameter of an egg in a more advanced stage 
of development, in fact just about to burst the shell. The body 
of tlie future animal is marked by constrictions, the future 
segments. Some of the organs are already formed, as the brain 



Pio. 39. — Longitu- 
dinal section 
through later stage: 
Sega, 2, 3, etc., seg- 
ments ; Cej)h,Seg, 
head ; 7 /ies, meso- 
blast ; en,liy poblast ; 

future mouth ; pr, 
future anus ; tneaen, 
gut ; mem,eic, as iu 
Fig. 41. (From 
Heatbcote, Post. 
Emb. Dev. oi Julua 
terreatrU,) 


and the digestive tube, the openings of which will form the 
mouth (s<) and the anus (pr). 

Myriapods are hatched at different stages of development. 
The Chilognatha have only three ap^jendages, which are so 
‘little developed that they are only small shapeless stump.s, while 
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the Chilopodrt have the full number of legs in some cases ; iii 
others only a small number of legs, but yet more tlian the tliree 
pairs of legs of the Chilognatha, and fully developed instead of 
stump-like. The eyes are usually developed late in the life of 
the young animal. The bursting of the cgg-shell is assisted in 
some Myriapods by a special kind of spike on the back part of 
the head. 

The Fig. 40 sliows a young Chilognath which has just burst 
the shell and come into the outer world. 

It is still surrounded with a membrane 
which has been formed by its skin or 
epiblast within the egg. One eye-spot has 
been formed. 

Fig. 41 shows a longitudinal section 
through the young Chilognath shown in 
Fig. 40, and the next (Fig. 42) a transverse Fio. 40.— Voung JmIu» ter- 
section througli the same. In comparing just hatched, 

the two Figs. 41 and 42 it must be remembered that they are 



Fid. 41. — Longitudinal section through late stage : »Sup,oe,fflf First appearance of hrain ; 
st^ moutli ; pr, anus ; niesent gut ; n, nerve cord ; n.ffuiuj, nerve ganglion ; 
membrane surrouiidiiig the animal ; ventral flexure ; mes^ mesoblast cells. 
(Heatlicote, Post. Emb. Dev, oiJalua ierrcairis,) 

sections in different planes through the animal shown in Fig. 40, 
and therefore they only show a small portion, a tliiii slice, of the 
organs. 
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already mentioned, and these are shown in Fig. 43, where the 



L. 


Fio. 42. — O, gnt; Malp.T, Malpighian tube ; N.C, nerve cord; TV./, deep invagina- 
tioii by which the tracheae are formed ; y,8, yolk spherules still preseut ; first 
appearance of legs ; 8,8^ part of mesoblast* (Ileathcote, Post. Emb. Dev. of 
Julm terrestris,) 


small stumps that later on change to jaws are shown. The 

figure shows the head of a young Chilog- 
Hath seen from the lower side, and the 
second pair of stumps fuse together 
later on and {)roduee the broad plate 
already mentioned as the characteristic 
mouth appendage of the Order. 

After the animal is hatched it has 

V still, in the case of most Myriapods 

Pig. 43.— Under surface of the (those which are not hatched with all 
head of a young Julus ter^ ; 

rudimentary the segments complete), to undergo a 

mouth ST«™MtoiS.a7 development, and in particular 

the eyes are still unformed. The pro- 
cess of development of the eye has only been followed out as yet 
in the Chilognatha, and in only one form, Julus, and is so curious 


that a short account may be of interest here. The develop- 
ment of the eye begins (in Julus) on the fourth day after hatch- 
^ing, and continues until the animal is full grown. A single 
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ocellus or eye-spot appears first, and the rest are ailded one by 
one until the full number are reached. 

The first appearances connected with the formation of the 
eye take place in the cellular layer just beneath the chitinous 
exoskeleton. This layer, called the hypodermis, plays an im- 
portant part ill the organisation of tlie animal. It forms the 
inner layer of what we may call the skin of the animal, and the 
cells of which it is composed secrete the chi tin of which the 
shell or exoskeleton of the animal is composed, and which is 
moulted every year. 

The first process in the formation of the eye-spot is the 
thickening of the hypodermis beneath tlie chitin, just in the 
])lace where the eye will come. 

At the Willie time tlie cells of 
this thickened mass of hypoder- 
mis secrete a (puiiitity of pigment 
of a dark red brown colour. 

Next the cells of the thick mass 
of hyp(nlerinis begin to separate 
from one another in such a way 
that a vesicle is formed. This 
vesicle is hollow inside, and the 
thick walls are formed from the 
cells of the thickened hypodermic 
mass. This can be seen from 
Fig. 44, which rejiresents a 
section through an ocellus when 
it is partly formed. From this 
vesicle the eye is formed. 

The wall of the vesicle near- 
est the exoskeleton gives rise to 
tlie lens of the eye, while the 
other walls of the vesicle form 
the retinal parts of the eye. 

The cells from the brain grow out 
and form the optic nerve connecting the retina witli the brain. 
The whole eye spot is covered internally liy a thin membrane, 
formed not from the hypodermis but by cells from the inside of 
the body (mesoblast cells). 

In the Chilognatha, the first Order of Myriapods, the young 



Fiq. 44. — Section throupli eye when first 
forming : Hyp^ liypoilcriuiH ; lens ; 
F, W, r, front wall of ojjtic vesicle ; 
h,io,v^ back wall of vesicle ; mp^ 
capsule. 
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animal leaves the egg with three pairs of appendages ; the first 
have already the form of antennae, the second will form the 
jaws, but have not yet taken their proper form, while the third 
pair will fuse together and alter their shape so as to form the 
curious plate that has already Ikhui mentioned as forming the 
second pair of mouth appendages. Behind the mouth append- 
ages will come the first three pairs of legs. The whole young 
animal on leaving the egg is enveloped in two meml)raiies. 
These membranes are secreted by the outsirle layer of cells in 
the same way that the shell or exoskeletoii of the animal will be 
eventually formed, and represent the first two moults of the 
animal, which continues to moult its shell every year through- 
out life. 

Of the Chilopoda, the second Order of Myriapods, all the 
families leave the egg-shell with the full number nf legs, with 
the exception of the Lithobiidae, wliicli have seven pairs <jf legs 
including the poison-claws. The Schi/otarsia, the tliird Order, 
also have seven pairs of legs when hatt?hed. 

The legs make their appearance not one l)y one l)ut in 
batches (in Jnhis trrrestris in batches of five). The addition (»f 
legs and segments to tlie body takes place, not at tlie end of tho 
body, but between the end segment and the penultimate. 

This is a short sketch of the gradual development of tlie 
Myriapoda from the ovum to the fully-grown animal. It is, I 
am aware, a short and insuflicient account of all the beautiful 
processes by which the different organs take their rise, but space 
is insutticient here, and too much detail would be out of place in 
a work of this nature, which only aims at giving an outliiui 
sketch of the group, which shall lie intelligible to the general 
readier who has not made a special study of such matters. 
Before leaving the subject, however, I must mention a few 
of the points .of iiitm-est which are to be learned from the 
examination of the course of development which has been 
sketched here. One of the groatt‘st puzzles in the natural 
history of the Order ("hilognatha has always been the double 
segments, as they are called ; that is, in fiict, the ])ossession of 
two pairs of legs to each segment, which is, as we have already 
said, a distinguishing characteristic of the Order. As we have 
seen, the Chilognatha at an e^irly stage of existence do not 
possess this characteristic, which is only i)eculiar to the adult 
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and half-grown forms. Now what does thi.s mean ? Does each 
double segment in the full-grown Mille})ede represent two 
segments which have become fused together, or is each double 
segment, so called, a real segment resembling the segments 
present in the other Orders (for instance, Chilojunla), whicli has 
grown an extra pair of legs ? Both these views have been 
advocated by distinguished naturalists. Neither of them is, in 
my opinion, quite right when viewed in tlie liglit cast on the 
subject by recent investigations into the life history of the 
Chilognatha. 

A close examination into the minutiae of the growth of the 
diiiercnt organs has shown us that the double cluiracters (^f the 
doulde .segments are more deeply .seated than was imagined. 
The circulatory system, the nerve cord, and tlie iirst trace.s of 
segmentation in the mesobla.st all show this double cliaracter, 
and the only single part about the segment is the broad ])late 
covering the segment. Now in .some of the most ancient of the 
fossil ]Myriapods this broad ])late .shows traces «)f a division, as if 
it were in reality two plates fusc^d t«»geth(U'. We have also to 
consider tliat the life history of the Chilognatha allows us to 
believe that the p(»culiar cylindrical shape of the ImmIv sh<»wn in 
the greatest degree in the dulidae is attained by tlie unequal 
development of the dorsiil and ventral surfaces of the boily ; tht» 
ventral surface being compre.s.sed together till it is exinunely 
narrow, and the doi-sal .surface, as it were, growing round it till 
the originally dor.sal surface forms almost a complete ring round 
tlie body. Taking all this into consideration, we are jiistilied, in 
my opinion, in concluding that each doubh* segment in tho 
Chilognatha is not two segments fused together, nor a single 
segment bearing two pairs of leg.s, Init is two cnmplcte segments 
perfect in all particulars, but united by a large dorsal ]»latii 
which was originally two ])lates whicli have been fused together, 
and which in mo.st Chilognatha surrounds almost the whole of 
two segments in the form of a ring. 

Again in the ChiloiKxla we .see that a great <listi active feature 
that separates them from the Chilognatha is the eharaf.tm* of the 
ventral nerve cord, the cord lieing double and not single, a 
cliaracter connected with the fact that the bases of the legs are 
widely separated from one another, and not closely a])proached 
to each other, as in the Chilognatha. As we before s«aid, a more 
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minute anatomical examination showed us that this difference 
was not so great as ajipeared at first sight, the cord -showing 
traces of a duplication. Well, are these truces superficial, or do 
they represent a state of affairs more or less similar to that in 
the Chilopoda ? Embryology helps us to answer this question 
also. In the e^irly stages of the Chilognatha we find that the 
nerve cord has exactly the form of that in Chilopoda, showing us 
that the appearances in the anatomy had led us to a right con- 
clusion, and giving us a valuable confirmation of our views. 
These two examples will serve to show the kind of interest 
which attaches to embryology. 

Palaeontology. 

We have seen that embryology enables us to look at the 
structure of the Myriapods from a new standpoint, and to correct 
and supplement the knowledge gained from an examination of 
the adult animal. In the mim way a study of the forms of 
Myriapods which liavc become extinct on the globe, and have 
])een preserved to us in a fossil form, gives a furtlier opportunity 
of considering the relations of one form to another, and again of 
the relations of our group to otlier groups of animals now exist- 
ing on the earth. Myriapod fossils have been found in strata of 
great antiquity. The oldest of such fossils must liave been 
among the first land animals. The figure below shows a fossil 
Myriapod found in America, belonging to the Order of the 
rrotosyngnatha which are only found in the Palaeozoic strata. 
It is a good example of the manner in which Myriapods were 
protected by bundles of bristles in the same way as the 
Polyxenus of the present time. 

The oldest fossil Myriapods which liave been discovered at 
the present time are two species which have been found in the 
Old Eed Sandstone in Scotland. To realise the antiquity of these 
^lyriapods, it will be worth while recalling the typical fossils 
found in the Old Red Sandstone, so as to see what the contem- 
poraries of these ancient Myriapods were like. Among the plants 
there were .Algae, Ferns, and Conifers, belonging to the lower 
divisions of the plant tribe. Among the itnimals there \vere 
Spcpges, Corals, Starfish, Worms, Shell-fish, and Fishes, but none 
of the more highly organised of the animal or vegetable tribe 
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had appeared on the earth. The Myriapods of tlie Old Ked 
Sandstone, as has been before Stiid, differ considerably from those 
of the present day, and as we proceed towards the sj)ecdes found 
in the more recent strata we find them more and more Iik(‘, the 
ones at present living, till we get to the Polyxenus and other 
s])ecie8 found in amber, which are hardly to be distinguished 
from living forms. 

The next oldest fossil Myriapods are found in the coal 
measures, when both the animal and vegetable kingdoms were 
represented by more numerous and more specialised forms. Tlie 
fossil fauna of this period is characterised by tlie iiuml)er of 
gigantic Amphilaa, many remains of whieli have l»eeii found. 
The great forests and the abundant vegetation of this time must 
have been favourable to the existence of our class, and accord- 
ingly we find no less than 32 specii^s of fossil Myria])ods. Of 



Flu. mi- 

{All«r 

From Ma/on C‘n*«*k, 
Illinois. 


these most have been found in America, some in Great Britain, 
and some in Germany. One well-pre.served fossil of Xylohina 
sifjillariae was found by ].)r. Daw.son in America in the stum]) of 
a tree in the remains of a fossil forest. The eyes, head, and 
legs were plainly seen under the microscoiic. All these fossils 
belong to the earliest or I*alacozoic jieriod. 

The figure below (Fig. 40) shows a fossil also from tlie coal 
f(»rmatioiis of Illinois, America, belonging to the family of th(j 
Kuphoberiidae mentioned further on. It shows a nearer approach 
to the Julidae of the present time. The limbs, however, were of 
very curious shape, and may possibly have been adapted to loco- 
motion in water as well as on land, and the small supposfid 
branchiae on the ventral surface shown in Fig. 46, B, may possibly 
have been an arrangement to render respiration in the water 
possible. 
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In the secondaty period the Myriapods were scantily repre- 
sented, or, at any rate, geologists have failed to find their fossils. 
The class is represented by a single specimen found in the chalk 
in Greenland. This fossil, which has been included in the 
J ulidae under the name of Jvlopsia eretacea, may perhaps belong 
to the Archipolypoda. 

Passing on to the Tertiary or Eecent period, we find the 
Myriapods again numerous, and more nearly resembling those 
living at the present time. They l)elong mostly to the Chilo- 
gnatha and Chilopoda. They have been found in the fresh-water 
gypsum of Provence in France, the brown coal of Germany, and 
the green river formations of Americ^L Several have been found 
in amber. 

Fossil Myriapods have been divided into four Orders, two 



Fig. 46. — A can- 
thtTpestes inajW, 
(After Zittel.) 
Mazoii Creek, 
America. A, 
The whole 
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face. 


of which coincide with the Orders of living Myriapods; tlie 
diflerences between the fossils and the living Myriapods having 
been held insufficient to warrant the establishment of a new 
Order. These two Orders are the Chilopotla and the Diplo|KKla 
or Chilognatha (Diplopoda is another name used by some writers 
for the group which we have hitherto called Chilognatha). The 
other two Orders have sufficient diflerences from living forms to 
render it necessary to include them in separate Orders. 

The fossil Myriapods, then, are arranged as follows : — 

Order I. Protosyngnatha. 

Order IT. Chilopoda. 

Order III. Archipolypoda. 

Order IV. Chilognatha (or Diplopoda). 

The following table will show the species that have been dis- 
covered in the different strata : — 



PALAEONTOLOGY 


Devonian, or 
Old Bed Sandstone 


2 species of Archipolypmla, 


Carboniferous . [ J *1*®®!®* 

I 31 s[>ecies Archijmypoda 

Permian (Rothliegendcs of Germany), 4 specimens belon^dnj; to the 
JuUdae or Archipolypoda, 


Cretaceous, . 1 species 


^ 17 sjiecies 

Oligocene 

® J 23 species 


f Archrpohjpodit or 
\ Chiloynatha 
Chilopoda 
j Diphqmla 
( (Chiloffnatha) 


Miocene, 


. 1 species 


J Diplo})oda 
( {Chiloynatha) 


I will now give a short ac^count of the diffeniiit Orders, and 
the fossil forms which are included in them. 


Order 1. Protosyngnatha. 

This Order is represented hy a single fossil (Fig. 40), dis- 
covered in tlie coal at Mazon Creek, Illinois, America, hy Meek 
and Worth. It differs greatly from any of thost^ in (*xistt»n(v at 
the present day. The body is cylindrical, and c()mi)oscd of 
ten segments. The cephalic appendages (tliat is, the antennai* 
and mouth parts) are inserted into a single unsegmented cephalic 
mass (the hea<l). Each segment liehiml the head Ix^ars a single 
(h)rsal and ventral plate of equal breadth and length. 1'he 
liml)s are placed in these plates with a wide space between tlui 
base of each leg and that of tlie opposite one of the pair. Along 
the back, bundles of bristles are arranged in longitudinal rows. 


Order II. Ohilopoda. 

The fossil forms of this Order resemble those of the Cliiloiioda. 
of the present day. The oldest of them are f«)und in amber. 
The following families have been found : — 

Lithohiidae, Several species have Ixhui found in amber. 
Scolopendridae. One species in amber, several species in 
later Tertiary formations. 

Geophilidae. Three sjiecies in amber. 

Two species resembling the Schizotarsia of the presciiit day 
have been found in amber. 
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Order III. Archipoljrpoda. 

The most numerous of the fossil families. With a few 
exceptions, all the I’alaeozoic (that is, the oldest) Myriapods belong 
to this Order. The Carboniferous Arcdiipolypoda ‘seem to be 
much more numerous in the coal of America than in that of 
England. They resemble for the most part the Myriapods <jf 
the present day, except that all the segments without exception 
bear legs. 

The families are three in number. 

Family 1. Arclddesunulae. 

Resemble the Pohjdesinidae of the present day. Two species have been 
found by Page in the Old Red Sandstone of Forfarshire. He named them 
Kam})ecaris, One found by Peach in the Baiiie formation is called Archi- 

dei<mus. 

Family 2. Eujdwhermlae. 

They show some reseinblaiice to the JuHdae of the present day, but the 
dorsal scutes, or plates of tlie kick, are more or less perfectly divided into 
two divisions corresponding with the pairs of legs. The following are the 
principal fossils of this family : - 

Acanthcrpcstes, Found by Meek and Worth in the coal at blazon Creek 
in America (Fig. 46). 

KupholHimi, About 12 species found at the same place as the last 
named. 

Ainylispes. Found by Scudder, Mazon Creek, America. 

EiUiicm, Scudder, Mazon Creek, America. 

Family .3. Avchijulidae, 

The dorsal plates nearly consolidated, but the division still apparent. 
Fossil forms are-^ 

Triehijulits. Scudder, Mazon Creek, America. 

Xylobias, Dawson. Found in the coal in Nova Scotia. Two species 
found at Mazon Creek, America. 


Order IV. Chilognatha. 

Families corresponding to those of the present day. The 
oldest specimens come from the chalk in Greenland ; most of the 
others from amber. 

Family 1. Glomcridae. One form, G, denticulatay lias been found in 
amber. 

Family 2. Polydesmidae, Two species in amber. 

Family 3. LydopetaluUie, A number of species, amongst which are 6 
Craspedosomaf mostly from amber. 
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Family 4. Julidae, A number of species of this family have been 
found, some in amber, some in other Tertiary strata. Amoii-^st the latter a 
probable example of Julus tert'esti'is, living at the present time. 

Family 5. Polyxenidae, Five species have been found in amber. 

Now that we have considered the strueUire of the J^fyriaivxls 
and the groups into which they are subdivided or classified, we 
may proceed to consider what position they hold in the liousi*- 
hold of nature. Thtit they present certain features of similarity 
to other classes has been already mentioned, and that this is the 
fact cannot be doubted when we look back at the way in which 
they have been classified iu the works of early writers. Fo]* 
example, I-rfiiuarck, the great French naturalist, classilies tlicm 
with sjnders in his w’ell-known work, La Ph ilosophir 
under the name of Amchnules antenniates, Cuvier, the com- 
parative anatomist, unites them with th(‘ Insects, making them 
the first Order, while the Thysaiiura is the second. AVe have 
already seen that one Order of Myriapods, the Symphyla, bears 
a great resemblance to the Thysanura. The English naturalist 
Ijeach was the first to establish Myriapods as a class, and his 
arrangement has been followed by all naturalists after his tins*. 
But while their peculiarities of structure and form are suHiciently 
marked to separate them as a cla.ss, it cannot be denied that the, 
older naturalists were right to recognise that tlu?y have many 
essential characteristics iu common with other classes of animals. 
And recent investigations have emphasisiHl this fact. For in- 
stance, let us consider the recent discoveries of the Orders of 
Symphyla and Pauropoda, Orders which, while bearing so 
many of the characters of MyriajxHls that naturalists liav<*. 
figreed to place them in that class, yet reseml»le in many 
important points the Insect Order of Thysanura. This secniis to 
justify Cuvier in claiming the close relationship fur them that 
he did. 

Recent investigations have also brought out more prominently 
the resemldances to the Worms. Of late, considerable atten- 
tion has been directed to (see pp. 1-20), ami the resem- 

blances to the Myriapods in its anatomy and devehipmeiit are 
such that Lfitzel has actually iiufluded it in tlie Myria])od.s as 
an Order, Malacopoda. Nf)W Feriimim also shows resemblaiice.s 
to the annelid Worms, and thus affords us a connexion to the 
Worm type hardly less striking than that to the Insect. This 
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resemblance to the Worms, which Myriapods certainly bear, was 
noticed by the ancient writers, and as they had for the most 
part only externar appearances to consider, they pushed this 
idea to extremes in actually including some of the marine 
Worms (Annelida) among the Centipedea Pliny talks of a 
marine Scolopendra as a very poisonous animal, and there is little 
doubt that he meant one of the marine worms. An old German 
naturalist, Gesner, in a very curious book published in 1669 gives 
an account of an annelid sea-worm which he calls Scolopendra 
marina^ and which is in all probability the sea Scolopendra 
which Pliny mentions. From Gesner’s account it seems to have 
been used as a medicine (externally only). “ The use of this 
animal in medicine. The animal soaked in oil makes the hair 
fall oft*. So do its ashes mixed in oil.” It was also pounded up 
with honey. 

This idea of Centipedes living in water survived among later 
naturalists. Charles Owen, the author before quoted, mentions 
them as amphibious in 1742. “The Scolopendra is a little 
venomous worm and amphibious. AVhen it wounds any, there 
follows a blueness about tlu5 affected part and an itch all over 
the body like that caustMl by nettles. Its weapons of mischief 
are much the Siime with those of the spider, only larger ; its 
bite is very tormenting, and produces not only pruriginous i)aiii 
in the flesh, but very often di.straction of mind. These little 
creatures make but a mean figure in the ranks of animals, yet 
have been terrible in their exploits, particularly in driving 
people out of their country. Thus the people of Rhytium, a 
city of Crete, were constrained to leave their quarters for them 
(Aelian, lib. xv. cap. 26).” 

Myriapods have been considered to bear resemblances to the 
Crustacea, and this to a certain extent is true, though only to a 
certain extent, the resemblances being confined to the more 
general characteristics that they share with other groups of 
animals. 

Of late years attempts have been made to speculate about the 
origin of the Myriapods — that is, to endeavour to obtain by means 
of investigation of their anatomy, embryology, and palaeontological 
history, some idea of the history of the group. Such attempts at 
research into the phylogeny, as it is called, of a group must be 
more or less speculative until our knowledge is much greater than 
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it is at present. But such inquiries have their value, and the 
schemes of descent and pliylogenetic trees, at any rate, indicate a 
real relation to different groups, even if they do not provide us 
with a real and actual history of the animals. 

There have been two main theories about the descent of the 
Myriapoda. One of these derives them directly from the Insecta 
through the forms known as the Thysjinura, which resemble in 
such a degree the Myriapod Orders of Symphyla and Panro- 
poda. The other theory holds that the Myriapods, as well as tlie 
Insecta, have been derived from some anc(\stor bearing a resem- 
blance to Peripatus. In other words, one theory claims tliat the 
relationship of Myriapoda to Insecta is that of father ami son ; 
tlic other that the relationship between the two is that of 
1)rother to brother. The arguments by which these theories are 
respectively supported consist for the most part of an analysis of 
the different characters of the anatomy and emlu'yology and llie 
determination of the most primitive among them. For example, 
the supporters of the theory that the Tliysanura are the most 
nearly allied to the Myriapod ancestor lay great weiglit f)n tlie fact 
that some Myriapods are born with three pairs of legs only, and 
they compare this stage in the life history of the Myriapoda to the 
metamorphosis and larval stage of Insects. For the supiioi ters 
of this view the Orders of Symphyla and Paiiropoda are the 
most primitive of the Myriapods. On the otlier hand, the 
follow’ers of the other theory do not allow that the characters 
in which the Myriapods are like Insects are primitive ones, but 
they lay more stress on the characters fouml in the early 
development, such as the character of the process of the forma- 
tion of the body segments, the mesoblastic segmentation, and the 
origin of the various organs of the body. 

It may be easily umlerst<XKl that such differences in the 
estimation of the primitive characters of the embryology of a 
group may arise. Emlu’yology has been compared by one of the 
greatest of modern embryologists to “ an ancient manuscript with 
many of the sheets lost, others displaced, and with spurious 
passages interpolated by a later hand.” AVhat wonder is it that 
different people examining such a record should come to iliflerent 
conclusions as to the more doubtful and difficult portions <if 
it. It is this very difficulty which makes the principal interest 
ill the study, and although our knowledge of the language in 
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which this manuscript is written is as yet imperfect, still we 
hope that constant study may teach us more and more, and 
enable us to read the great book of nature with more and more 
ease and certainty. 

If any of my readers should wish for a more full account of 
the natural history of this group I must refer them to the 
following works, which I hjive used in compiling the above 
account. In the first of these there is an excellent bibliography 
of the subject — 

Latzel, Die Myriapoden der Oesterreichisch-Ungarischen Monarchic, Wien, 
1880. 

Zittel, Handbuch der Palaeontologie, 1 Ahth, IT. Bd., Leipzig, 1881-1885. 
Korschelt and Heider, Lehrhuch der vergleichenilen Entwicklungsgeschiclite 
der wirbclloaen Thiere, Jena 1891. 


Some later work of Scudder on Palaeontology must be mentioned. He 
establishes a family Gerascutigeridae, with a genus Latzelia, Also a family 
Eoscolopeiidndae in which he includes Eileticus, also a genus Paknarthrns 
in which is placed a scolopendriform Chilopod. A new genus Ihjodest also 
chilopodifdrm. Amylispesy he thinks, may be allied to Gloineridae. Trichi- 
julus must be given up. A new species of Acantherpestes. More species of 
Euphoberia, 2 ntjw species of Xylohiua were discovered in coal. 

Pocock divides the Diplopocla into 3 orders : Oniscomorpha, with families 
Gloineridae and Zephroniidae ; Helminthomorpha, with subonlers Juloidea, 
Chordeumoidea, Polydesmoidea ; and Limacomorpha, with lamily Glonieri- 
desmidae. 

The systematic position of Symphyla and Pauropoda has been the subject 
of much discussion. Pocock places Symphyla in a Class and Kenyon places 
Pauropoda in a Sul3order. 

Many naturalists believe that Chilopoda should be united with Hexapoda. 
There is no room for a discussion of the point, but I must refer my rewiers 
to Pocock, Zool, Anzeiger^ xvi. 1893, p. 271 ; Kingsley, Tufts Coll, Studies, 
No. 1, 1894, p. 15; BoWman,' Bull. U.S. Nat, Mus., No. 46, 1893, where 
they will find the arguments for this view. 

For further information on Pauropoda and Symphyla, see P. Schmidt, 
Zeitschr. wiss. Zool. lix., 1895, p. 436 ; Kenyon, Tufts Coll. Studies, No. 4, 
1895, p. 77. 
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Insects form liy far tho larj{(n' part of the land animals of Ihc 
world ; they ontmmdter in species all the other terrestrial animals 
togethei’, while compared with the Vertebrates their numbers are 
simply enormous. Yet they attract but little attention from the 
ordinary observer, this Inking probably in’imarily due to tlu^ small 
.size of the individual Insect, which leads the mirellecling to treat 
the creature as of little importance. “ It can be cruslied in a 
moment ” is perhai)S the unfornmlated idea that underlies tlie 
almost complete neglect of knowledge concerning Insects that 
l»revails even in tlie educated classes of society. The largest 
Insects scart!ely exceed in bulk a mouse or a wren, while the 
smallest are almost or (piite iui|xjrceptible to the naked eye;, and 
yet the larger part of the animal matter existing on tlui lamls of 
the globe is in all prolarbility locked up in the forms of Insects. 
Taken as a wlnde they are the most successful of all the forms of 
terrestrial animals. 

In the waters of the glolie the predominance of Insect life 
disjippeaiu In the smaller collections <if fresh water many 
Insects find a home during a portion of their lives, and .some lew 
contrive to pass their whole existence in such places ; but of the 
lai-ger bixlies of fresh water they invade merely the fringes, and 
they make only the feeblest attempt at exi.stence in the ocean ; 
the genus Hnlobates containing, so far as we know, the sole Insects 
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that are capable of using the ocean as a medium of existence at 
a distance from the shore. 

It will probably be asked, how has it come about that (creatures 
so insignificant in size and strength have nevertheless l)een so 
successful in what we call the struggle for existence ? And it is 
possible that the answer will be found in the peculiar relations 
that exist in Insects l)etween the great functions of circulation 
and respiration ; these being of such a nature that the nutrition 
of the organs of the lx)dy can be carried on very lapidly and viuy 
efiiciently so long as a certain lailk is not ('xceeded. 

Kapidity of growth is carried to an almost incredible extent 
in some Insects, and the powers of mnlti])lication — which may 
l»e considered as equivalent to the growth of the species — even 
surj)ass tlu*, rapidity of the increase of the individual ; while, as 
if to augment tlui favourable results attainalde by the more usual 
rt)utine of the ])hysiological ]mK‘esses, “ metamorphosis ” has been 
adopted, as a conscMpience of which growth and develo])ment can 
bi», isolj^ted from one anotlu*r, thus allowing the former to go on 
unchecked or uncomplicated by the latter. A very siiu])le 
calculation will show how favourable some of the chief features 
of InstH't life are. Let it l)e supposed that growth of the 
individual takes tinui in pr<»portion to the bulk attained, and let 
A bi^ an animal that weighs one ounce', ]> a cn^ature that weighs 
ten ounces, each having the power of producing 100 young when 
full grown ; a sim])le calcndation shows that after the lapse of a 
time necessary for the production of one generation of the largcu* 
creature the pivuluce of the smaller animal will enormously out- 
weigh that oL’ its ludkier rival, l^robably it was some considera- 
tion of this sort that led Linnaeus to make his somewhat para- 
doxical statement to the eflect that three flies consume the 
carcase of a horse as (piickly as a lion.^ 

Astonishing as may be the rapidity of the physiological pro- 
cesses of Insects, the results attained by them are, it must be 
admitted, scarcely less admirable : the structures of the Insect’s 
body exhibit a perfection that, from a mechanical ])oint of view, is 
unsurpassed, while the external beauty of some of the creatures 
makes them fit associates of the most delicate flowers or no mean 
rivals of the most gorgeous of the feathered world. The words 

' Tres museao coDSumuiit cadaver equi, aeqne cito ac leo. Sijst. ^at. , ed. xii. ref. 
I. pt. 2, p. 990. 
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of Linmieiis, “ Xiilura in iiiiiiiinis imixime iiiiraiula,” are not a 
mere rhetorical effort, hut the expression of a simple trutli. Saint 
Augustine, too, though speaking from a point of view somewhat 
remote from that of the great Swetlisli naturalist, (»xi)resstMl an 
idea that leads to a similar conclusion when he said, “ Creavit in 
coelum angelos, in terrain vermiculos ; nec major in illis nee mimn* 
in istis” (see note on p. oOC). 

The formation of organised societies hy some kinds of Insects 
is a phenomenon of great interest, for there are very fe\v animals 
except man and Insects that display this metliod of existence. 
Tarticulars as to some of tliese societies will l)e given wla*n we 
treat of the Termitidae, and of the Hymenoptera Acult‘ata; hut 
we will take this opportunity of directing attention to some ]^oints 
of general interest in connexion with this suhjict. In Insect 
societies we find that not only do great numluns of se])arate 
individuals live togetlier and adoi)t diffmcnt modes of industrial 
action in accordance witli the position tliey occupy in tliti 
association, hut also that such individuals are lu’ofoundly modified 
in the structures of their body and in their ])hysiological 
processes in such ways as to specially fit tlumi for the parts tlu^y 
have to play. AVe may also see these societies in wliat may he. 
considered different stages of evolution; tlie. jdimiomena we an^ 
alluding to being in some species much l(*ss ma.rk(*d tluin tliey 
are in others, and these more primitive kinds of societies Ijcing 
composed of a smaller number of individuals, which are also mucli 
less different from one another. AVe, moreover, meet with com]>l(*x 
so('ieties exhibiting some reniarkalJy similar features among 
Insects that are very different systematically. The true ants 
and the white ants belong to groiqns that are in stj ucture and in 
the mode of growth of the individual essentially dissimilar, though 
tlieir social lives are in several important respects analogous. 

It should be remarked that tlie plienomena connected witli the. 
social life of Insects are still only very imperfectly known ; many 
higlily important points being quite obscure, and our ideas being 
too much based on fragments gatliered from tlie lives of different 
species. The honey liee is the only social Insect of wliose economy 
we have anything approaching to a wide knowledge, and even in 
the case of tliis Insect our information is neither so complete nor 
so precise as is desiralde. 

The various branches of knowledge connected with Insects* 
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are called collectively Entomology. Although entomology is 
only a department of the great science of zoology, yet it is in 
practice a very distinct one; owing to its vast extent few of 
those who work at other branches of zoology also occupy them- 
selves with entomology, while entomologists usually confine 
tliemselves to work in the vast field thus abandoned to them. 

Before passing to the consideration of the natural history and 
structure of the members of the various Orders of Insects we will 
give a verbal diagrammatic sketch, if we may use such an expression, 
with a view to explaining the various terms that are ordinarily 
used. We shall make it as brief as possible, taking in succession 
(1) the external structure, (2) internal structure, (3) development of 
the individual, (4) classification. 

In the course of this introductory sketch wc . shall find it 
necessary to mention the names of some of the Orders of Insects 
that will only l)e explained or defined in subsequent pages. We 
may therefore here state that the term “ Orthoptera ” includes 
grasshopi)ers, bxjusts, earwigs, cockroaches ; " Neuroptera ” com- 
])rises dragon-flies, May-flies, lacewings, stone-flies and caddis-flies ; 
to the ** Hymenoptera belong bees, wasi)s, ants, sawflies, and a 
host of little creatures scarcely noticed by the ordinary observer : 

Coleoptera ” are beetles ; “ lA?pido\)tera,” butterflies and moths ; 

“ Diptera,” house-flies, blue -bottles, <la(ldy-loiiglegs, and such ; 

“ Hemiptera ” or lihynchota ” are bugs, greenfly, (»tc. 

Glass Insecta : or Insecta Hexapoda. 

DefinitUm . — Insects are small animals, having the body divided 
into three regions placed in longitudinal succession — head, thorax, 
and abdomen : they take in air by means of tracheae, a system of 
tubes distributed throughout the boily, and opening externally by 
means of orifices placed at tlie sides of the body. They have six 
legs, and a yiiiv of antennae ; these latter are placed on the head, 
while the legs are attached tothe thorax, or second of the three great 
body divisions ; the abdomen has no true legs, but not infrequently , 
has terminal appendages and, on the under surface, protuberances 
which . serve as feet. ^ Very frequently there are two pairs of 
wings, sometimes only one piir, in other cases none : the wings 
are always placed on the thorax. Insects are transversely seg- 
' meuted — that is to say, the body has the form of a succession of 
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rings ; but this condition is in many cases obscmo ; i\w mimku' 
of these rings rarely, if ever, exceeds thirteen in addition to the 
head and to a terminal piece that sometimes exists. Insects usually 
ciiaiige much in appearance in the course of their growtii, tlie 
annulose or ringed condition lieing moste\ident in the early part 
of the individuars life. The legs are usually elongate and 
apparently jointed, lint in the imniature condition may he alto- 
gether absent, or very short ; in the latter case the jointing is 
o))Scure. The number of jointed legs is always six. 


External Structure. 

The series of rings of which the external crust or skeleton of 
Insects is composed exhibits great modifications, not only in the 
various kinds of Insects but even in the dillereiit parts of tla? 
same individual, and at successive periods of its development ; 
so that ill the majority of mature Insects the separate rings an*, 
readily distinguished only in the hind body or .ahdonuui. The 
total iiufuber of the visiVde rings, segments, somites, or artliroinei*es, 
as they arc variously called by ditterent writers, is Ireijuently 
thirteen in addition to the head. This latter ])art is tMJiisiilered 
to be itself composed of the elements of several rings, lait iiu>r- 
])hologists are not yet agreed as to their numl>er, some thinking 
this is three while others plaec it as high as seven ; three or four 
being, jierhaps, the figures at present most in favour, though 
Vialiaiies, who has recently discussed^ the subject, considers 
six, tlie number suggested by Huxley, as the most ]>ro])able. 
(>holodkovsky is of a similar opinion. However this may be, 
the three rings l)ehind the head constitute tlie thorax, wliicli is 
always largely developed, though, like the heail, its segiiienta* 
tioii is usually very much obscured by umMjual devel<»pmiuit ol 
different parts, or by eonsolidation of some of them, c»r by butli 
of these conditions. The thinl great division of tla^ body, the 
abdomen, is also usually much modified liy one or mon* of the 
terminal segments being changed in form, or even entirely with- 
drawn into the interior of the body. The existence of tini 
segments in the hind body can, however, \ye very frequently actually 
demonstrated, so that it is correct to sjieak of ten as the normal 
numter. 

' Ann. Sci. Nat, (7) iv. 1887, p. 111. 
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It is no reproach to morphologists that they have not yet 
agreed Jis to the number of segments that may be taken as 
typicivl for an Insect, for all the branches of evidence Iwaring on 
the jx'int are still imperfect. It may be well, therefore, to state 
the most extreme views that appear to l)e at all admissible. 
Hagen ^ has recently stated the opinion that each thoracic segment 
consists really of tln-eo segments — an anterior or wing-bearer, a 
middle or leg-bearer, and a posterior or stigma-bearer. There 
seems to be no reason for treating the stigma as being at all of 



Fia. 47 Diagram of exterior of insect: the two vertical ilotteil lines iiulicate the 
division.s between H, head; Ti thorax; nml A, abdomen: a, antenna; h, labrum ; 

mnudible ; df maxillary jialpus ; c, labial palpus ; /, facetted eye ; ff, pronotum ; 
/f, mesnnotum ; metanotum ; k, wings ; /] to abdominal segments ; vn, the 
internal membranous portions uniting the apparently separated segments ; w, cerci ; 
I/, stigma ; abdominal pleuron bearing small stigmata ; 92 , 93 , pro-, meso-, 

meta-sterna ; mesothoracic episteriium ; a*], epimeron, these two forming the 
mesopleuron ; mctathoracic episternum and epimeron ; tf coxa ; v, trochanter ; 
w, femur j .r, tibia ; y, tarsus ; s, gula. 

the nature of an appendage, and the theory of a triple origin for 
these segments may be dismissed. There are, however, several facts 
that indicate a duplicity in these somites, among which we may 
specially mention the remarkable constancy of two pleural pieces 
on each side of ejudi thoracic segment. The hypothesis of these 
rings being each the representative of two segments cannot there- 
fore be at present considered entirely untenable, and in that case 
the maximum and minimum numbers that can be suggested 
appear to be twenty-four and eleven, distributed as follows : — 

* Stettin. Ent. Zeit. 1. 1889, p. 165. 
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Head 

Maxiiiiuin. 

. 7 

Minhiiiitn. 

3 

Thorax 

. 6 

3 

Abdomen . 

. 11 

5 

Total 

. 24 

11 


Although it is not prolniblc that ultimately so great a dilTerence 
as these figures indicate will be found to prevail, it is certainly 
at present iiremature to say that all Insects are made u]) of the 
same number of primary segments. 

A brief account of the structure of the integument will T)e 
found in the chapter dealing with tlie post-embryonic develoj)- 
ment. 

The three great regions of the Insect l)ody are functiomilly as 
well as anatomically distinct. The head bears the most important 
of the sense organs, viz. the antennae and ocular organs ; it includes 
the greater of the nerve-centres, and carries the mouth as well 
as the appendages, the trophi, connected therewith. The thonix 
is chiefly devoted to the organs of locomotion, bearing externally 
the wings and legs, and including considerable masses of muscles, 
as well as the nerve centres by which they are innervated ; through 
the thorax there pass, however, in the longitudinal direction, 
those structures by which the unity of the organisation is com- 
pleted, viz. the alimentary canal, the dorsal vessel or “lu^art** for 
distributing the nutritive fluid, and also the nerve cords. The 
abdomen includes the greater part of the organs for carrying on 
the life of the individual and of the species ; it also fretpuiiill y 
l)ears externally, at or near its termination, appendages that are 
doubtless usually organs of sense of a tactile nature. 

In the lower forms of Insect life there is little or no actual in- 
ternal triple division of the body ; but in the higher forms sucli 
separation becomes wonderfully complete, so that tlui head may 
communicate with the thorax only by a narrow isthmus, and tlie 
thorax with the abdomen only by a very slender link. This 
arrangement is carried to its greatest extreme in the Hynumopttua 
Aculeata. It may be looked on as possibly a means for separating 
the nutrition of the parts included in the three great body 
divisions. 

Along each side of the body extends a series of orifices for the 
admission of air, the stigmata or spiracles ; there are none of 
these on the head, but on each side of most of the other segments 



90 


SEGMENTS 


CHAP. 


there is one of these spiracles. This, however, is a rule subject 
to many exceptions, and it is doubtful whether there is ever a 
spiracle on the last abdominal segment. Even in the young stage 
of the Insect the number of these stigmata is variable ; while 
in the perfect Insect the positions of some of the stigmata may be 
much modified correlatively with the unequal development or 
consolkhition of parts, especially of the thorax when it is highly 
modified for bearing the wings. 

The segments of the Insect are not separate parts connected 
witli one another by joints and ligaments ; the condition of the 
Insect crust is in fact that of a continuous long sac, in which 
there are slight constrictions giving rise to the segments, tlie 
interior of the stic heing always traversed from end to end by a 
tube, or rather by the invaginated ends of the sac itself which 
connect with an included second sac, the stomach. The more 
prominent or exposed parts of the external sac are more or less 
hard, while the constricted parts remain delicate, and thus the 
continuous bag comes to consist of a series of more or less hard 
rings connected by more delicate membranes. This condition is 



Fio. 48 — Tillm elongatm^ fully distended larva. 


readily seen in distended larvae, and is shown by our figure 48 
which is taken from the same specimen, whose portrait, drawn 
during life, will be given when we come to the Coleoptera, family 
Clcridae. The nature of the concealed connexions Ijetween tlie 
ap^uirently separate segments of Insects is shown at m, Fig. 47, 

p. 88. 

As the numlwr of segments in the adult Insect corresijonds — 
except in the head — ^with the numljer of divisions that appear 
very early in the embryo, we conclude that the segmentation of 
tlie adult is, even in Insects which change their form very greatly 
during growth, due to the condition that existed in the embryo ; 
but it must not he forgotten that important secondary changes 
occur in the somites during the growth and development of 
the individual Hence in some cases there appear to be more 
than the usual number of segments, e.g. Cardiophorm lan'a, 
and in others the number of somites is diminished by amal- 
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gamatioii, or by the extreme rechiction in size of some of the 
parts. 

Besides the division of the body into consecutive sognionts, 
another feature is usually conspicuous ; the up])er part, in many 
segments, being differentiated from the lower and the two ])eing 
connected together by intervening parts in somewhat the same sort, 
of way as the segments themselves are connected. Such a differen- 
tiation is never visible on the head, but may fretpiently be seen in 
the thorax, and almost always in the alidomen. A dorsal and a 
ventral aspect are thus separated, while the connecting bond on 
either side forms a pleuron. By this difterentiation a second form 
of symmetry is introduced, for whereas there is l.)iit one n])per and 
one lower aspect, and the two do not corresi)ond, there are two 
lateral and similar areas. This bilateral symmetry is conspicnons 
in nearly all the external parts of the l)ody, and extends io most, 
of the internal organs. The ideura, or lateral regitms of the* 
sac, frequently remain membranous when the dorwil and ventral 
aspects are hard. The dorsal parts of the Insect's rings aiv 
also called by writers terga, or nota, and the ventral parts 
sterna. 

The appendages of the body are : — (1) a pair of antennae ; (2) 
the trophi, constituted by tliree pairs of mouth-parts ; (M) three* 
l)airs of legs ; (4) the wings^; (5) abdominal ap])endages f)f vai ions 
kinds, but usually jointed. Before considering thesi; in detail we 
shall do well to make ourselvt*s more fully acciiiainterl with the 
elementary details of the structure of the ti*nnk. 

In the fidiilt Insect the integument or crust of the body is 
more or less hard or shell-like, sometimes, indecjl, very hard, and 
on examination it will be seen that l>esides the ilivisions into 
segments and into dorsal, ventral, and pleural regions, tlu‘ro are 
lines indicating the existence of other divisions, and it will )»*. 
found that by dissection along these linos distinct ]ii(*ces can be 
readily separated. Each hard piece that can be so separaterl is 
called a sclerite, and the individnal sclerites of a segment liavc 
received names from entomotoiuists. The sclerites an? not really 

^ The wings, by many morphologists, are not inchuled in tlie category of 
** appendages ” ; they apparently, however, differ but little in their nature from 
legs, both being outgrowths of the integument; the wings are, however, always 
post-embryonic in actual appearance, even when their rudiments can be detected in 
the larva. No insect is hatclied from the egg in the wing-bearing form. 
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ijuite separate pieces, though we are in -the habit of speaking of 
them as if such were tlie case. If an Insect 1)6 distended by 
pressure from the interior, many of the sclerites can be forced 
apart, and it is then seen that they are connected by delicate 
membrane. The structure is thus made up of hard parts meeting 
one anotlier along certain lines of union — sutures — so that the 
original membranous continuity niay be quite concealed. In 
many Insects, or in parts of them, the sclerites do not come into 
apposition by sutures, and are thus, as it were, islands of hard 
matter surrounded by membrane. A brief consideration of some 
of the more important sederites is all tliat is necessary for our 
present purpose : we will l)egin with the head. 

The head is most variable in size aiul form ; as a part of its 
surface is o(!Cupied by tlie eyes and as these organs differ in 
sliape, extent, and i)osition to a suri)rising degree, it is not a 
matter for astonishment that it is almost impossible to agree as 
to terms for the areas of the head. Of the sclerites of the head, 
itself there are only tliree that ai’O s\iffieiently constant and 
definite to lie worthy of description here. Tliese are the clypeus, 
the epicranium, and the gula. The clypeus is situate on the 
up}jer surface of the liead-capsule, in front ; it bears the labrimi 
which may be bruidy described as a sort of Hap forming an upper 
lip. The labrum is usu.ally possessed of some amount of mobility. 
The clypeus itself is excessively variable in size and form, and 


sometimes cannot l)e delimited owing to the obliteration of the 
suture of connexion with the more posterior part of the head ; 
it is rarely or never a paired piece. Occasionally there is a 

more or less distinct pie(»e 
interposed between the 
clypeus and the labrum, 
and which is the source 
of considerable difliculty, as 
it may l)e taken for the 
clypeus. Some authors call 


K3'" /, f” 

men ; g, submeutum ; A, cavity for insertion eating the part that is imme- 
of antenna. (liately behind the labrum, 

whether that part be the clypeus, or some other sclerite ; the 
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term is very convenient* in those cases where the structure ( jiniiet 
be, or has not been, satishictorily «letermined iiiorpholoL^ieallv. 

In Figure 50 the parts usually visiltle nu the aiileriur 
aspect of the head and its appendages an* shown so far as llu'se 
latter can be seen when the iiioutli is closed : in tlie case of the 
Insect here represented the bases of the mandibles are clearly 
seen (</), while their ajiical portions are 
entirely covered by the lalnuim, just 
below the lower margin of wdiich tlie 
tips of the maxillae are seen, looking 
as if they were the continuations of the 
maiidildes. 

The lal)rum is a somewhat perplex- 
ing piece, morphologists Ixdng imt yet 
agreed as to its nature ; it is usiuillv 
placed (piite on tlie front of the hea<l, 
and varii'S extremely in form ; it is 
nearly ahyays a single or unpaired 
piece; the\French morphologist Chatin 
(‘onsiders tliat it is really a paired 
structure. 

The gula (Fig. 49, B r/, and Fig. 47, 
c) is a piece existing in the middle 
longitudinally of the. under-surface of the head; in front il 
l)ears the nientum or tin? sulmientum, and extends backwards 
to the great occipital foramen, but in some Inst'cts tlie gula 
is in front very distant from the edge of tin* buccal cavitv. 
The epicraiiium forms the larger part of the licad, and is coii- 
secpiently most inconstant in size and shape ; it usually occn|»ics 
the larger part of the U])per - surface, and is rctlt*ct(*d tin* 
under-surface to meet the gula. Sometimes a tiansvin*.sc line 
exists (Fig. 49, A) dividing the epicraiiium into two part.*^, lla* 
posterior of which has been called the jirotocranimii ; which, 
however, is not a good term. The epicraiiium liears the anlminac* ; 
these organs do nob come out hetw’een the et»icranium and the 
clypeiis, the foramen for their insertion being seated entirely in 
the epicraiiium (see Fig. 50). In some Insects th(‘reare traces (d 
the epicranium being divided longitudinally along the middle 
line. When this part is mucli modiiied the anteiiiiati jua} 
appear to be inserted on the lateral portions ol the head, oi* even 


a 



Fig. ,^> 0 . Front viuw of lirail o| 
tiifld-crirkrt {tiryUtis)\ o, 
('lucraniuiii ; A, coiinif)niiiI 
eye ; r, aiitenua ; </, jiost- ; 
r, .iiite-rlyiifii.s ; J\ ; 

//, luiso of niainliblt! ; //, 111:1 x- 
illary i»al|>us ; /. labial 
[>Ub ; /.•, ar(\\ of iiaixill.i. 
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oil its under-side ; this arises from extension of some part of the 
epicraniurn, as shown in Fig. 49, B, where A, the cavity of 
insertion of the antenna, apjiears to be situate on the under- 
surface of tlie epicraniurn, the appearance being due to an 
infolding of an angle of the part. 

There is always a gap in the back of the head for the passage 
of the alimentary canal and other organs into the thorax ; this 
opening is called tlui occipital foramen. Various terms, such as 
frons, vertex, occiput, temples, and cheeks, have lieeii used for 
designating areas of the head. The only one of these which is of 
importance is tlie gena, and even this can only be defined as the 
anterior part of the lateral portion of the head-capsule. An 
extended study of th(i (iomparative anatomy of the head-capsule 
is still a desideratum in entomology. The api)endages of the head 
that are engaged in the operations of feeding are frequently 
spoken of collectively as the trophi, a term which includes the 
labruni as w<dl as the true buccal appendages. 

Tlie appendages forming the parts of the mouth are paired, 
and consist of the mandibles, the maxillae, and the labium, tlie 
pair in this latter part being combined to form a single body. 
The buccial appendages are frequently spoken of as gnathites. 
The gnathites are some, if not all, of them composed of apparently 
numerous parts, some of these Ijeing iHstinct sclerites, others 
membranous structures which may lie either bare or pubescent^ — 
that is, covered with delicate short liair. In Insects the mouth 
functions in two quite diflerent ways, by biting or by sucking. 
The Insects that bite are called Mandibulata, and those that suck 
Haustellata. In the niandibulate Insects the composition of the 
gnathites is readily comprehensible, so that in nearly the whole 
of the vast number of species of that type the corresponding 
parts can lie recognised with something like certainty. This, 
however, is not the case with the sucking Insects ; in them the 
parts of the mouth are very different indeed, so that in some 
cases morphologists are not agreed as to what parts really 
correspond with some of the structures of the Mandibulata. At 
present it will be sutlicient for us to consider only the niandibulate 
mouth, leaving the various forms of sucking mouth to be 
discussed when we treat of the Orders of Haustellata in detail. 

The upper or anterior pair of gnathites is the mandibles, 
(Fig. 50, y). There is no part of the body that varies more than 
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does the mandible, even in the inandibuliite Insects. It can 
scarcely be detected in some, while in others, as in the male sttij'- 
bectle, it may attain the length of the whole of the rest of the 
body ; its form, too, varies as much as its size ; most usually, 
however, the pair of mandibles are somewhat i)f the form of 
callipers, and are used for biting, cutting, hohling, or crusliing 
purposes. The mandibles are freciueutly armed with pi'ncesst’s 
spoken of as teeth, but which must not lx; in any way confounded 
with the teeth of Vertebrates. The only Insects that jiossess an 
articulated tooth are the Passalidiie, beetles armed witli a ratlier 
large mandible bearing a single mobile tooth among others that 
are not so. Wood Mason and Chatin consider the mandibles to 


Firt, T)!. — Mnndiltlcs, 
maxillae, ami luliiuiu 
of Lm'usta riritlin 
sinia : A, iiiiuulil»U*H ; 
B, maxillae (latiTal 
)>arts) and labium 
(middle parUluiiitPil ; 
(ty cardo ; stipes ; 

palpif^er ; r/, ma.v. 
palp. ; laeinia ; ./; 

; //fSubmentum ; 
A, meiitum ; /, p.d- 
pijfer ; lal»ial ])al 

pus ; /, ligula ; w, 
parnglossa ( pal ea ) ; « , 
laciuia ; o, lingua. 



be, morphologically, jointed appendages, and the latter authority 
states that in the mandible of Jimhia he lias been able to <listiii- 
giiish the same elements as exist in the maxillae. In ai uleate 
Hymenoptera the mandibles are used to a considerable extent 
for industrial pnrposea 

The maxilla is a complex organ consisting of numerous pieces, 
viz. cardo, stipes, palpi ger, galea, laeinia, paljais. Tlie gah*a uiid 
laciuia are frequently called the lolics of the maxilla. Tlu* 
maxilla no doubt acts as a sense organ as well as a mcjchaiiical 
apparatus for holding ; this latter function being subordinate to 
the other. In Eig. 68, p. 122, we have represented a complex 
maxillary sense-organ. 

The labium or lower lip has as its basal portion the un- 
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divided mentum, and closes the mouth Ixiueath or behind, 
according as the position of the head varies. In most Insects 
the labium appears very different &om the maxilla, but in many 
cases several of the parts corresponding to those of the maxillu 
can be clearly traced in the labiiun. 

The mentum is an undivided, fre<iuently very hard, piece, 
continuous with either the submentum or the gula, and anterior 



to this are placed the other parts, viz. 
the labial palpi and their supports, the 
palpigers ; beyond and between these 
exists a central piece (Fig. 52, B, e), 
about whose name some difference of 
opinion prevails, but which may be called 



the ligula (languette of French authoi's), 
and on each side of this is a j)araglossa. 
In tlie Orthopteru the single median 
piece — the ligula of Ooleopterists — is 
represented by two divided parts. In 
some Insects (many Ooleoptera) there is 
interposed Ijetween the mentum and the 
palpigers a piece cidled the hy|)oglottis 
(Fig. 52, B, h). It is not so well ascer- 
tained as it should be, that the pieces of 
the lower lip Ijearing the same names in 
different Orders are in all cases really 
homologous, and compirison suggests that 


Fio. 62.— Maxilla and lower the liypoglottis of Coleoptcra may pos- 

iilaof/'iwja/iu;«, cardo; ^ihly represent the piece corresponding 
b, stipes ; c, jiaipiger ; d, to the lueutum of Orthoptcrists, the 80 - 

palpns ; «, Inner or infc- ,, , ^ . , , , . . . • 

rior lobe or lacinia ; /, called meutum of beetles being in that 

outer or superior lobe or yase the subiuentum of Orthopterists. 
galea : B, Labium or Jiar- m • i , 

jxihu eaUginonu: a, men- Thei-e IS another part ot the mouth 

SrpiU’(sSt“‘or’ti.e we may call special atten- 

labiai palp) ; d, palp ; e, tioii, as it hos recently attracted more 
ligula;/, pamglossa. attention than it fonnerly did; it is a 


membranous lobe in the interior of the mouth, very conspicuous 


in Orthoptera, and called the tongue, lingua, or hypopharynx ; 


it reposes, in the interior of the mouth (Fig. 51, o), on the 
middle parts of the front of the labium; it is prol^bly not 
entirely lost in Coleoptem, but enters into the composition of the 
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complex middle part of the lip by amalgamation with the para- 
glossae. It has recently been proposed to treat this lingua as tlie 
morphological equivalent of the labium or of the maxillae, giving 
it the name of the endolabium, but the propriety of this course 
remains to be proved ; ^ the view is apparently' suggested chiefly 
by the structure of the mouth of Hemimerns, a very rare aiul 
most peculiar Insect that has not as yet been sufficiently studied. 

As the maxillae and labium are largely used by taxonomists 
in the systematic arrangement of the maiidibulate Insects, we 
give a figure of them as seen in Coleoptera, where the parts, 
though closely amalgamated, can nevertheless l.)e ilistinguished. 
This Fig. 52 should Ije compared with Fig. 51. 

In speaking of the segments of the body we pointiMl out 
tliat they were not separate parts but constituted an uninter- 
ru]>ted whole, and it is well to remark here that this is also 
true of the gnathites. Although the mouth jun ts arc spoken of 
as separate pieces, they Yunlly form only projections from tlic 
great body wall. Fig. 51, 11, shows the intimate connexion 
that existj between the maxillae and labium; tlie continuity 
of the mandibles with the membrane of the buccal cavity is 
capable of very easy demonstration. 

The liead bears, besides the pieces we have considcrcMl, ii. pair 
of aiiteunae. These organs, though varying excessively in form, 
are always present in the adult Insect, and exist evtui in the 
majority of young Insects. They are very mobile, biglily sensitive 
organs, situate on or near tlie front part of tlui bead. Tlu‘ 
aiiteiiiiae arise in the embryo from the prcxjeplialie lobes, tbc 
morphological iinjJort of wdiich parts is one of the most difficult 
points connected with Insect emljryology. 

The eyes of Insects are of two sorts, simple and compound. 
The simple eyes, or ocelli, vary in number from one to as many 
as eighteen or twenty ; when thus numerous they are situated in 
groups on each side of the head. In their most perft*ct form, as 
found in adult aculeate Hymenoptera, in Orthoptera and J)i])tei’a, 
ocelli are usually two or three in number, and jiresent tla* 
appearance of small, j)erfectly tran8j)arent lenses iiiserteil in the 
integument. In their sim])lest form they are siud to CMjiisist ol 
some masses of pigment in connexion with a nerve. 

The compound, or facetted, eyes are the most reiuarkabb* of all 

^ See on this subject, p. 217. 
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the structures of the Insect, and in the higher and more active 

forma, such as the Dragon-flies and hover- 
ing Diptera, attain a complexity and deli- 
cacy of organisation that elicit the highest 
admiration from every one who studies 
them. They are totally different in 
structure and very distinct in function 
from the eyes of Vertebrata, and are 
seated on very large special lobes of the 
brain (see Fig. 65), which indeed are 
so large and so complex in structure 
that Insects may be described as possess- 
ing special ocular brains brought into 
relation with the lights, shades, and 
movements of the external world by a 
remarkably complex optical apparatus. 
This instrumental part of the eye is 
Fia.53.— Twoommatidiafrom called the dioptric part in contradistinc- 
) tion from the percipient ])ortion, and con- 

a, Cornea; 6, crystalline gists of ail outer coriieal leiis (a, Fig. 53), 
cone ; c, rhabdoin ; rf, , i 

fenestrate inenibrane with whose exposed siirtace forms onc ot the 
nerve structures below it ; facets of the eye ; Under the lens is placed 

pigment. the crystalline cone (b), this latter being 

l)orne on a rod-like object (c), called tlie 
rhabdom. There are two layers of pigment, the outer (e), 
called the iris-pigment, the inner (/), the retinal- pigment ; 
underneath, or ratlier we should say more central than, the 
rhabdoms is the fenestrate membrane (d), beyond which there 
is an extremely complex mass of nerve - fibres ; nerves also 
penetrate the fenestrate membrane, and their distal extremi- 
ties are connected with the delicate sheaths by one of which 
each rhabdom is surrounded, the combination of sheath and 
nerves forming a retinula. Each set of the parts above the fene- 
strate membrane constitutes an ommatidium, and there may lie 
many of these ommatidia in an eye ; indeed, it is said that the 
eye of a small beetle, Mordella, contains as many as 25,000 
ommatidia. As a rule the larvae of Insects with a complete 
metamorphosis bear only simple eyes. In the young of Dragon- 
flies, as well as of some other Insects having a less perfect meta- 
morphosis, the compound eyes exist in the early stages, but they 
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have then an obscure appearance, and are probably functionally 
imperfect. 

In the interior of the head there exists a homy framework 
called the tentorium, whose chief office apparently is to protect 
the brain. It is different in kind according to the species. Tlie 
head shows a remarkable and unique relation to the following 
segments. It is the rule in Insect structure that the kick of a 
segment overlaps the front part of the one following it ; in other 
words, each segment receives within it the front of the one 
behind it. Though this is one of the most constant features of 
Insect anatomy, it is departed from in the case of the liead, 
which may be either received into, or overlapped 1 >y, tlie 
segment following it, but never itself overlaps the latter. There 
is perhaps Imt a single Insect {Ifypocephnlus, an anomalous lieetle) 
in which the relation between the head anil 
thorax can be considered to lie at all similar 
to that which exists lietween each of the 
other segments of the Imiy and that follow- 
ing it ; aij|d even in HypocephalMs it is only 
the ^losterior angles of the head that over- 
lap the thorax. Although the head usually j-n,. 54. — Extemlea hcnd 
appears to be very closely connected with n'l'i 
the thorax, and is very Irequeiitly in re- i,qek of hea.i ; />, from 
pose received to a considerable extent within proiiotmn ; r, ilntin- 

. . oius retractilo oiiiitl ; 

the latter, it nevertheless enjoys great cervical scierites. 
treedom of inotiuii ; this is obtained by 

means of a large ineinbrane, capable of much corrugation, and 
in which there are seated some scderites, so arranged as to lold 
together and (Xiciipy little space wdieii the liead is retracted, but 
wliieh help to prop and support it wdien extenileil for feiMliiig or 
other purposes. These pieces are called the cervical sclerites or 
plates. They are very largely developed in Hymenoptera, in 
many Coleoptera, and in Blattidie, ami have not yet received trom 
uiuitomists a sufficient amount of attention. Huxley suggested 
that they may be portions of head segments. 

Thorax. 

The thorax, being composed of the three consecutive rings 
behind the head, falls naturally into three divisions pro-, iiieso-, 
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and inetathorax. These three segments ditfer greatly in their 
relative proportions in different Insects, and in different stages 
of the same Insect’s life. In their more highly developed con- 
ditions each of the three divisions is of complex structure, and 
the sclerites of which it is externally made up are sufficiently 
constant in their numbers and relative positions to permit of 
their identification in a vast number of cases ; hence the sclerites 
have received names, and their nomenclature is of practical 
importance, because some, if not all, of these parts are made use 
of in the classification of Insects. Each division of the thorax 
has an upper region, willed synonymically dorsum, notum, or 
tergum ; an inferior or ventral region, called sternum ; and on 
each side a lateral region, tlie pleuron. These regions of each of 
the three thoracic divisions are further distinguished by joining 
to their name an indication of tlie segment spoken of, in the 
form of the prefixes pro-, meso-, and meta- ; thus the pronotum, 
prosteruum, and pro])leura make up the protliorax. The •thoracic 
regions are each made up of sclerites whose nomenclature is due 
to Audouin.^ He considered that every thoracic ring is com- 
posed of the pieces shown in Fig. 55, viz. (1) the sternum (B', 
an unpaired ventral piece; (2) the notum (A), composed of 
four pieces placed in consecutive longitudinal order (A'), and 
named praescutum (a.), scutum (6), scutellum ((.*), and post-scutel- 
lum {d) ; (3) lateral pieces, of which lie distinguished on each 
side an episternum (B', c), epimeron and parapteron (rf), these 
together forming the pleuron. We give Audouin’s Figure, but we 
cannot enter on a full discussion of his views as to the tliorax ; 
they have become widely known, though the constancy of the 
parts is not m great as he sup^xised it would prove to be. Some- 
times it is impossible to find all the elements he thought should be 
present in a thoracic ring, while in other cases too many sclerites 
exist. As a ride the notum of the meso- and metathoraces is 
in greater part composed of two pieces, the scutum and the 
scutellum ; while in the pronotum only one dorsal piece can be 
satisfactorily distinguished, though a study of the development 
may show that really two are frequently, if not usually, present. 
On the other hand, one, or more, of the notal sclerites in some 
cases shows evidence of longitudinal division along the middle. 
The sternum or ventral piece, though varying greatly in form, is 
^ Ann, Sci, Nat, I. 1824, p. 97. etc. 
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the most constent element of a thoracic segment, hut it has 
8ometim:s the appearance of consisting of two jwirts, an anterior 
and a posterior. The pleuron nearly always consists «piite 
evidently of two parts, the epLstermnn, the more anterior and 
inferior, and the epimeron.' The relations Ijetweeu these two 
jmrts vary much ; in some cases the episternuui is conspicuously 
the more anterior, while in others the cpinicron is jtlaccd much 
alKA'e it, and may extend nearly us far forwards as it. It may 
1)6 said, as a rule, that when the sternum extends fartlier Iwck- 
wards than the notiirn, the epimeron is alwve the episternum. 



Kia 56. — Mesothorax of ])yfiscus^ after Audouiii. A, iiotuiii ; A', piere.s of i])« notinii 
separated: ff, prae.se utu in ; 5, scutiiiii ; r, scutelliini ; r/, jio.st..scuU*lluin : B, Uie 
sternum and pleura united ; B\ their part.s separateil: f/, sternum; r, episternum ; 
dt purapteron; r, epinierou. 

as in many Coleoptera; but if tlie sti*nmm bo antorior to tlio 
notuin, then tlu; epistormim is superior tn the epimeron, iis in 
dragon-flies. We would here again reiterate th(», fact that tliese 
“piee.es” are really not .s(?i)aratc parts, but are more* or less in- 
durated portions of a continuous integument, wliit'li is fretjuently 
entirely occupied by them; hence a poitioii of a sclerite that in 
one spedes is hard, may in an allied form be wholly or partly 
membranous, and in such case its delimitation may l.»e very 
evident on some of its sides, and quite obscure oii. another. 

^ See also Fig. 47 (p. 88). 
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The parapteron of Audouin does not appear to be really a 
distinct portion of the pleuron; in the case of Dytiaeua it is 
apparently merely a thickening of an edge. Audouin supposed 
this part to Ije specially connected with tlie wing-articulation, 
and the term has been subsequently used by other writers in 
connexion with several little pieces that exist in the pleural 
region of winged lusecta 

The prothorax is even more subject to variation in its 
development than the other divisions of the thorax are. In the 
Hymenoptera the prosternum is disconnected from the pronotum 
and is capable, together with the first pair of legs, of movement 
independent of its corresponding dorsal part, the pronotum, 
which in this Order is always more or less completely united 
with the meso-thorax ; in the Diptera the rule is that the three 
thoracic segments are closely consolidated into one masa In 
the majority of Insects the prothorax is comparatively free, that 
is to say, it is not so closely united with the otlier two thoracic 
segments as they are with one another. The three thoracic 
rings are seen in a conqmratively xmiform state of development 
in a great number of larvae ; also in the adult stages of some 
Aptera, and among winged insects in some Neui’optera such as the 
Embiidae, Termitidae, and Perlidae. In Lepidoptera the pro- 
notum bears a pair of erectile processes called pitagia ; thougli 
frequently of moderately large size, they escape observation, being 
covered with scales and usually closely adpressed to the sides of 
the pronotum. 

The two great divisions of the hotly — the mesothorax and 
the metathorax — are usually very intimately combined in winged 
Insects, and even when the prothorax is free, as in Coleoptera, 
these posterior two tlioracic rings are very greatly amalgamated. 
In the higher forms of the Order just mentioned the meso- 
sternum and mesopleuron become changed in direction, and form 
as it were a diaphragm closing the front of the metasternuni. 
The meso- and meta-thorax frequently each bear a pair of winga 

We have described briefiy and figured (Fig. 55) the sclerites 
of the mesothorax, and those of the metathorax correspond fairly 
well with them. In addition to the sclerites usually described 
as constituting these two thoracic divisions, there are some amnll 
pieces at the . bases of the wings. Jurine discriminated and 
named no less than seven of these at the base of the anterior 
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wing of a Hymenopteron. One of them Ijecomes of considerable 
size and importance in the Order just mentioned, and seems 
to be articulated so as to exert pressme on the base of the 
costa of the wing. This structure attains 
its maximum of development in a genus 
(? nondescript) of Scoliidae, as shown in Fig. 

56. The best name for this sclerite seems 

to be that proposed by Kirby and Spence, 

tegula. Some writers call it paraptere, hypo- 

ptfere, or squamule, and others have termed 

it patagium; this latter name is, however, 

inadmissible, as it is applied to a process of ' 

the prothorax we have already alluded to. fw. 66 . - Head ami 

To complete our account of the structui-e thorax of fossoriai 

. wasp from Bogota ; U 

ot the thorax it is necessary to mention cer- teguia;i,i«iseofwiiiB. 
tain hard parts projecting into its interior, 
but of which there is usually little or no trace externally. A 
large process in many Insects projects upwards from the sternum 
in a forli^d manner. It was called by Audouin the entothorax ; 
some modern authors prefer the term apophysis. Longitudinal 
partitions of very large size, descending from the dorsum into 
tlie interior, also exist ; these are called phragmas, ami are of 
„ , great importance in some Insects with 

perfect flight, such as Ilymenoptera, 
Lepidoptera, and Diptcra. There is no 
phragma in connection with the prono- 
^ turn, but liehind this jnirt there may 

be three. A jihragrna has the apyxsar- 
6 ance of lieing a fold of the dorsum; it 

Fic. 67 .. -Tra.».ve™, aectton of serves 08 ail attachment for muscles, 

>keletou of inctathorax of ail(l inay probably r>B of HcrVlCO III 

wSSrYSi.rm'TS »«>” |.™jc«> 

metasternum ; c, phragma ; tioilS into the interior ur(5 little 

tion of articulation. (After these are placed at the sides of the 
thorax near the wings. The ajKiphyses 
are no doubt useful in preserving the delicate vital organs from 
shocks, or from derangement by the muscular nioveiueiits and 
the changes of position of the body. 

The appendages of the thorax are (^f) inferior, the legs ; (h) 
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superior, the wings. The legs are always six in number, and are 
usually present even in larvae, though there exist many apodal 
laiwae, especially in Diptera. The three pairs of legs form one 
of the most constant of the charwters of 
Insecta They are jointed appendages and 
consist of foot, otherwise tarsus ; tibia, femur, 
trochanter, and coxa ; another piece, called 
trochantin more or less distinctly separated 
from the coxa, exists in many Insects. The 
legs are prolongations of the body sac, and 
are in closer relation with the epimera and 
with the epistema than with other parts 
of the crust, though they have a close 
relation with the sternum. If we look at 
the body and leg of a neuropterous Insexst 
(Fig. 58) we see that the Intsal part of the 
leg — the coxa — is apparently a continua- 
tion of one of the two pleural pieces or of 
lx)th; in the latter case one of the prolonged 
pieces forms the coxa proper, and the tip 
of the other forms a supporting piece, 
which- may possibly be the homologuc of 
Fio. S8.— Hind leg of Pan- tho trochautin of soiiie Insects. In some 
.-((.epiateniuiu ja', Orthoptera, especially in Blattidae, and in 
coxal fold of epimeron ; Tormitidae, there IS a transverse chitiuised 
e,\^aT/riAwasT”^ ’ interposed between the sternmu and 
the coxa, and this has the appearance of 
being the same piece as the trochantin of the anterior legs of 
Coleoptera. 

Beyond the coxa comes the trochanter ; this in many 
Hymenoptera is a double piece, though in other Insects it is 
single ; usually it is the most insignificant part of the leg. The 
femur is, on the whole, the least variable pxrt of the leg ; the 
tibia, which follows it, being frequently highly modified for 
industrial or other purposea The joint between the femur and 
the tibia is usually bent, and is therefore the most conspicuous 
one in the leg ; it is called the knee. The other joints have not 
corresponding names, though that between the tibia and the 
tarsus is of great importance. The spines at the tip of the tibia, 
projecting beyond it, are called spurs, or calcares. The tarsus or 
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foot is extremely variable; it is very rarely absent, but may 
consist of only one piece — joint, as it is frequently calletP — 
or of any larger number up to five, which may l)e considereil 
the characteristic number in the higher Insect forms. The 
terminal joint of the tarsus bears normally a pair of claws; 
iKJtween the claws there is frequently a lohe or process, 
according to circumstances very varied in different Insects, 
called empodium, arolium, palmula, plantula. pseudonychium, 
or pulvillus. This latter name should only be used in those 
cases in which the sole of the foot is covered with a dense 
pubescence. The form of the individual tarsal joints and tlie 
armature or vestiture of the lower surface are highly variable. 
The most re^iarkable tarsus is that found on the front foot of the 
male Dytiscu^ 

It has been Suggested that the claws and the terminal append- 
age of the tarsus ought to be counted as forming a distinct joint ; 
lienee some authors state that the higher Insects have six joints 
to the' feet. These parts, however, are never counted as 
separate yoints by systematic entomologists, and it has recently 
been stated that they are not such originally. 

The parts of the fpot at the extremity of the last tarsal joint 
proper are of great importance to the creature, and vary greatly 
in different Insects. The most constant part of this apparatiw 
is a pair of claws, or a single claw. Between the two claws 
there may exist the additional apparatus referred to above. Tliis 
in some Insects — notably in the Diptera — reaches a very complex 
development. We figure tliese structures in I^clopneus sjnnolac, 
a fossorial Hymenopteron, remarking that our figures (‘xhibit the 
apparatus in a state of retraction (Fig. 59). According tn thc‘. 
iiomemdature of Dahl and Ockler- the plate (h) on tin; dorsjil 
aspect is the pressure plate (Dnvck-FlaUe), and acts as mi Jigciit 
of pressiu’e on the sole of the pad (C, c); c and d on the 
underside are considered to be extension-agents; r, extcn.sion- 
plate ; d, extension -sole (Strcck-Flutte, Stnch-HohU). Thesis 
agents are assisted in acting on the pad by means of an elastic 
lx)w jdaced in the interior of the latter. The pad (e) is a very 
remarkable structure, capable of much extension and retraction ; 

^ In entomological language the piece between each two joints of an appendage 
is itself called a joint, though segment is doubtless a letter term. 

* Arch,/. Naturgesehichie, Ivi. 1890, p. 221. 
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when extended it is seen that the pressure plate is bent twice at 
a right angle so as to form a step, the distal part of which runs 
along the upper face of the basal part of the pad ; the apical 
portion of this latter consists of two large lobes, which in repose, as 
shown in our Figure (/), fall back on the pad, something in the 
fashion of the retracted claws of the cat, and conceal the pres- 
sure-plate. 

The mode in which Insects are able to walk on smooth 
perpendicular siurfaces has been much discussed, and it appears 
highly probable that the method by which this is accomplished 
is the exudation of moisture from the foot ; there is still, how- 
ever, much to be ascertained before the process can be satisfactorily 




Fig. 59. — Foot of Pelopaevut a 
fossorial wasp : A, tarsus entire ; 

B, terminal joint, upper side ; 

C, under side, a, claw ; A, 
• base of pressure-plate ; c, ex- 
tension - plate ; extension- 
sole ; c, pad ; /, lobe of pud 
retracted. 


compreliended. The theory to the effect that the method is the 
pressure of the atmosphere acting on the foot when the sole is 
in perfect apposition with the object walked on, or wlien a 
slight vacuum is created between the two, has apparently less to 
support it. 

The legs of the young Insect are usually more simj)le than 
those of the adult, and in caterpillars they are short appendages, 
and only imperfectly jointed. If a young larva, with feet, of 
a beetle, such as Crioceris asparagi be examined, it may l)e seen 
that the leg is formed by protuberance of the integument, 
which becomes divided into parts by simple creases ; an observa- 
tion suggesting that the more highly developed jointed leg is 
formed in a similar manner. This appears to lie imlly the ease, 
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for the actual continuity of the limb at the chief joint — the 
knee — can be demonstrated in many Insects by splitting the 
outer integument longitudinally and then pulling the pieces a 
little apart ; while in other cases even this is not necessary, 
the knee along its inner face teing meuibraiious to a consider- 
able extent, and the membrane continuous from femur to til)ia. 

Turning to the wings, we remark that there may l)e one or 
two pairs of these appendages. When there is but one j)air it is 
nearly always mesothoracic, when there are two ])airs one is invari- 
ably mesothoracic, the other metathoracic. The situation of the 
wing is always at the edge of tlie notum, but the attachment 
varies in other respects. It may be limited to a small spot, and 
this is usually the case with the anterior wing ; or the attacbmimt 
may extend for a considerable distance along tlui edge* of the 
notum, a condition which frequently occurs, especially in the case 
of the posterior wings. The actual connexion of the wings 
with the thorax takes place by means of strong horny lines 
in them which come into very close relation with the little^ 
pieces i]^ the thorax which we have already described, and which 
were styled by Audouin articulatory cpidemes. There is 
extreme variety in the size, form, texture, and clotl)ing of the 
wings, but there is so much resemblance in general characters 
fimongst the members of each one of the Orders, that it is usually 
l)ossible for an expert, seeing only a wing, to say with certainty 
what Order of Insects its possessor Ijelonged to. We shall allude 
to these characters in treating of tlie Orders of Insects. 

Each wing consists of two layers, an upper and a lower, find 
between them there may be tnicheae and other structures, 
especially obvious when the wings are newly developetl. It has 
been shown by Hagen that the two layers can be .s<.‘]>{irjil(‘d 
when the wings are recently formed, and it is then seen t luit 
each layer is traversed by liiuis of luirder matter, the nervines. 
These ribs are frequently called wing- veins, or luu vc^s, but fis 
they have no relation to the anatomical structures bearing those 
names, it is better to make use of the tfirm nervures. TIk; 
strengtli^ number, form and inter - rcLitions of these nervuri's 
vary exceedingly ; they are thus most importfint aids in the 
classification of Insects. Hence various efforts luive lieen made 
to establish a system of nomenclature that shall lx* uni I or m 
throughout the different Orders, but at present success has not 
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attended these efforts, and it is probable that no real homology 
exists l)etween the nervnres of the different Orders of Insects. 
We shall not therefore discuss the question liere. We may, 
however, mention that German savants liave recently distin- 
guished two forms of nervures which they consider essentially 
distinct, viz. convex and concave. These, to some extent, alter- 
nate with one another, but a fork given off by a convex one is 
not considered to be a concave one. The terms convex and con- 
cave are not happily chosen ; they do not refer to the shape of 
tlie nervures, but appear to have l)een suggested by the fact that 
the surface of the wing Indiig somewhat undulating the convex 
veins more usually run along tlie ridges, the concave veins along 
the depressions. The convex are the more important of the two, 
l)eing the stronger, and more closely connected with the articula- 
tion of the wing. 

The wings, broadly speaking, may te said to be three- 
margined: tlie margin that is anterior when the wings are 
extended is called the costa, and the edge that is then most 
distant from the body is the outer margin, while the limit that 
lies along the body when the wings are closed is the inner 
margin. 

The only great Order of Insects provided with a single pair 
of wings is the Diptera, and in these the metathorax possesses, 
instead of wings, a pair of little capitate liodies called halteres or 
piisers. In the {ibnormal Strepsiptera, where a large pair of 
wings is placed on the metathorax, there are on the mesothorax 
some small appendages that are considered to represent the 
anterior wings. In the great Order Coleoptera, or beetles, the 
anterior wings are replaced by a jiair of horny sheaths that close 
togeth(»r over the back of the Insect, concealing the hind-wings, 
so that the beetle looks like a w’ingless Insect: in other four- 
winged Insects it is usually the front wings that are most 
useful in flight, but the elytra, us these ])arts arc called in 
Coleoptera, take no active part in flight, and it has been 
recently suggested by Hoffbauer ^ that they are not the homo- 
logues of the front wings, but of the tegulae (see Fig. 56), of other 
Insects. In the Orthoptera the front wings also differ in con- 
sistence from the other pair over which they lie in repose, and 
are called tegmina. There are many Insects in which the wings 
^ Zeii^hr, \cis8, ZooL liv. 1892, p. 579. 
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exist in a more or less rudimentary or vestigial condition, though 
they are never used for purposes of flight. 

The abdomen, or hind body, is the least modified part of the 
body, though some of the numerous rings of which it is composed 
may be extremely altered from the usual simide form. Sucli 
change takes place at its two extremities, l)ut usually to a much 
greater extent at tlie distal extremity than at the l)ase. This 
latter part is attached to the thorax, and it is a curious fact 
that in many Insects the Imisc of tlie abdomen is so closclj- 
connected with the thorax that it lias all the appearance ol' 
being a portion of this latter division of the body ; indeed 
it is sometimes difficult to trace the real division between the 
two parts. In such cases a further diflei’entiation may occur, 
and the part of the alMlomen that on its antei*ior as])ect 
is intimately attached to the thorax may on its ]>osl erica- 
aspect be very slightly connected with the ri‘st of tlie abdiaucii. 
Under such circumstances it is diflicult at first sight to i*ecoguisi* 


the real state of the case. 

from the abdomen t(j the 
% 

mctathoriix, the ])art is 
called a median segment. 
The 1 1 lost remarkal de. 
median segment exists in 
those Hymenoptora whicli 
have a stalked abdomen, 
but a similar though less 
peilect condition exists in 
many Insects. When such 
a union occurs, it is usually 
most complete on the ilorsal 


When a segment is thus transfei red 



Fai. CO. — Simple abUomeii of Jnpy.r (A) roiitruslcil 
with the liighly moilitied ouh of an anl, rnfftto- 
cerus (B). The segments arc numbered from 
before backwiinls. 


surface, and the first ventral plate may almost totally disappear : 
such an alteration may involve a certain amount of cliaiigv in 
the sclerites of the next segment, so that the morphological dettu - 
miiiation of the parts at the back of the thorax and fi ont of t he 
abdomen is by no means a simple matter. A highly modi lied 
hiiid-body exists in the higher ants, Myrmieidac*. lu Fig. 60 
we contrast the simple abdomen of Japy:^ with the highly modi- 
fied state of the same part in an ant. 

Unlike the head and thorax, the alKlomcii is so loosely knitted 
together that it can undergo much expansion and contraction. 
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This is facilitated by an imbricated arrangement of the plates, and 
by their being connected by means of membranes admitting of 
much movement (Fig. 47, m, p. 88). In order to understand the 
structure of the abdomen it should be studied in its most dis- 
tended state ; it is then seen that there is a dorsal and a ventral 
liard plate to each ring, and there is also usually a stigma ; there 
may he foldings or plications near the line of junction of the 
dorsal and ventral plates, but these margins are not really distinct 
pieces. The pleura, in fact, remain membranous in the abdominal 
region, contrasting strongly with the condition of these parts in 
the thorax. The proportions of the plates vary greatly ; some- 
times the ventral are very large in proportion to the dorsal, as is 
usually the case in Coleoptera, while in the Orthoptera the reverse 
condition prevails. 

Cerci or other appendages frequently exist at the extremity 
of the abdomen (Fig. 47, n, p. 88); the former are sometimes 
like antennae, while in other cases they may be short com- 
pressed processes consisting of very few joints. The females of 
many Insects possess saws or piercing instruments concealed 
within the apical part of the abdomen; in other cases an 
elongate exsertcd organ, (failed ovipositor, used for placing the 
eggs in suitable positions, is present. Such organs consist, it is 
thought, either of modilied apjKJiidages, called gonapophyses, or 
of dorsal, ventral, or pleural plates. The males frequently bear 
within the extremity of the body a more or less complicated 
apparatus called the genital armour. The term gonapoj)hysis is 
at present a vague one, including stings, some ovipositors, por- 
tions of male copiilatory apparatus, or other structures, of which 
the origin is more or less obscure. 

The caterpillar, or larva, of the Lepidoptera and some other 
Insects, bears a greater number of legs than the three pairs we 
have mentioned as being the normal number in Insects, but the 
posterior feet are in this case very difterent from the anterior, 
and are called false legs or prolegs. These prolegs, which are 
placed on the hind body, bear a series of hooks in Lepidopteroiis 
larvae, but the analogous structures of SawHy larvae are destitute 
of such hooks. 

riaced along the sides of the body, usually quite visible in 
the larva, but more or less concealed in the perfect Insect, are 
little apertures for the admittance of air to the respiratory 
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system. They are called spiracles or stigmata. There is 
extreme variety in their structure and size ; the largest and most 
remarkable are found on the prothorax of Coleoptera, especially in 
the groups Copridae and Cerambycidae. 

The exact position of the stigmata varies greatly, as does also 
their number. In the Order Aptera there may be none, while 
the maximum number of eleven pairs is said by Grassi ^ to be 
attained in Japyx solif ugns : in no other Insect have more than 
ten pairs been recorded, and this number is comparatively rare. 
Both position and numter frequently differ in the early and 
later stages of the same Insect. Tlie structure of the stigmata 
is quite as inconstant as the other points W(‘. have mentioned are. 

The admission of air to the tracheal system and its eontine- 
nient tliere, as well as the exclusion of foreign bodies, have to l)e 
provided for. The control of the air within the system is, 
according to Landois ^ and Krancher,^ usually accomplished by 
means of an occluding a|)paratua placed on the tracheal trunk a 
little inside of tlie stigma, and in such case this latter orilicc 
serves chielly as a means for preventing the 
intrusioA <»f foreign bodies. The occluding 
apparatus consists of muscular and mechanical 
parts, which differ much in their details in 
different Insects. Lowne sui)poses that the 
air is maintained in the traclieal system in a 
compressed condition, and if this be so, this 
a])paratus must be of great importance in the 



Insect economy. Aliall and Denny ^ state Fig. 61.— Membranous 
that in the anterior stigmata of the C(x;k- Smewahoraws of 


roach the valves act as the occluding agents, 
muscles being attached directly to the inner 
face of the valves, and in some otlier Insects 
the spiracidar valves apiH*ar to act partially 
by muscidar agency, but there are many 
stigmata liaving valves destitute of musclevS. 


a iHJetlc JCii cJi rnm ft , 
sbowiiiff (st ) ; 

bind margin of 
pronotum ; A, front 
leg ; f't front inar^dn 
of nK^sonotllm ; 
liase of idytra ; 
mt‘so.sterniim. 


According to Lowne ^ there exist valves in the blowfly at the 


entrance to the trachea proper, and he gives the following as the 


arrangement of parts for the admission of air : — there is a spiracle 


^ Mem, Acc, Lincei Itom. (4) iv. 188S, p. 551. 

“ Zeitsehr, wiss, Zool, xvii. 1867, p. 187. * Zfml, Anz, iii. 1880, p. 584. 

* Th4i Codcrmdi, 1886, p. 151. ® Amitomi/ o/tfic Blowjlxj, 1893, p. 362 
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leading into a chamber, the atrium, which is limited inwardly 
by the occluding apparatus ; and l)eyond this there is a second 
chamber, the vestibule, separated from the tracheae proper by a 
valvular arrangement. He considers that the vestibule acts as a 
pump to force the air into the tracheae. 


Systematio Orientation. 


Terms relating to position are unfortunately used by writers 
on entomology in various, even in opposite senses. Great 
confusion exists as to the application of such words as base, apex, 
transverse, longitudinal We can best explain the way in 
which the relative positions and directions of parts should lx; 
described by reference to Figure 62. The spot 3 represents an 
imaginary centre, situated Ijetween the thorax and abdomen, to 
which all the parts of the body are supposed to Ihj related. The 
Insect should always be descrilml as if it were in the jwsition 
shown in the Figure, and tlie terms used should not vary as the 
position is changed. Tiie creature is placed with ventral surface 
beneath, and with the appendages extended, like the Insect itself, 
in a horizontal plane. In the Figure the legs are, for clearness. 



Fio. 62. — Diagrammatic Insect to explain 
terms of position. A, apex ; B, base ; 
1, tibia ; 2, lost abdominal segment ; 3, 
ideal centre. 


made to radiate, but in the 
proper position the anterior jiair 
should be approximate in front, 
and the middle and hind pairs 
directed backwards under the 
body. The legs are not to he 
treated as if they were hanging 
from the body, though that is 
the position they frequently 
actually assume. The right and 
left sides, and the upper and 
lower faces (these latter are 
frequently also spoken of as 
sides), are still to retain the 
same nomenclature even when 
the position of the specimen is 
reversed. The base of an organ 
is that margin that is nearest 


to the ideal centre, the apex that which is most distant. 
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Thus in Fig. 62, where 1 indicates the front tibia, the apex 
(A) is broader than the base (B) ; in the antennae the apex is 
the front part, while in the cerci the apex is the posterior part ; 
in the last abdominal segment (2) the base (B) is in front of the 
axiex (A). The terms longitudinal and transverse shoulil always 
be used with reference to the two chief axes of the body-surface ; 
longitudinal referring to the axis extending from iDefore back- 
wards, and transverse to that going across, i.e, from side to side. 


VOL. V 




CHAPTER IV 


ABRANOEMEKT OF INTEBNAL ORGANS — MUSCLES — NERVOUS SYSTEM 
— (lAN(iL10NlC CHAIN — BRAIN — SENSE-ORGANS — ALIMENTARY 
CANAL — MALPIGHIAN TUBES — RESPIRATION — TRACHEAL 
SYSTEM — FUNCTION OF RESPIRATION — BLOOD OR BLOOD- 
CHYr,E — DORSAL VESSEL OR HEART — rFAT-BODY — OVARIES — 
TESTES — PARTHENOGENESIS — GLANDS. 


The internal anatomy of Insects may be conveniently dealt with 
under the following heads : — (1) Muscular system ; (2) uei-vous 



Fig. 63. — Diagriun of arranpemciit of some of the internal organs of an Insect ; mouth ; 
bf mumlible ; c, pharynx ; t/, oesophagus ; salivary glands (usually extending 
further backwards) ; /, eye ; tjj supra -oesophageal ganglion ; A, sub-oesophageal 
ganglion; if teiituriuin ; jy aorta; k^y k^y eutothorax ; lylf^y ventral nervous 
chain ; Wy crop ; proveiitriculus ; o, stomach ; p, Malpighian tubes ; qy small 
intestine ; /*, large intestine ; s, heart ; t, pericardial septum ; Uy Uy ovary composed 
of four egg-tubes ; Vy oviduct ; v}y sjiermtttlieca (or an accessory gland) : x, retractile 
ovipositor ; y, cercus ; labniiu. 

system ; (3) alimentary system (under which may be included 
.secretion and excretion, about which in . Insects very little is 
known) ; (4) respiratoiy organs ; (5) circulatory system ; (6) fat- 
body ; (7) roprwluctive system. 
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Many of the anatomical structures have positions in the body 
that are fairly constant tliroughout the class. Parts of the 
respiratory and muscular systems and the fat-body occur in most 
of the districts of the body. The. heart is placed just below the 
dorsal surface ; the alimentary canal extends along tlie middle 
from the head to the end of the body. The chief parts of the 
nervous system are below the alimentary canal, except tlnit the 
brain is placed above the beginning of the canal in the head. 
The reproductive system extends in the abdomen ol>li((uely from 
above downwards, commencing anteriorly at the upper part and 
terminating posteriorly at the lower part of the body cavity. 

In Fig. 63 we show the arrangement of some of the chief 
organs of the body, with the excei)tion of the muscular and 
respiratory systems, and the fat-body. It is scarcely necessary 
to point out that the figure is merely diagrammatic, and does not 
show the shapes and sizes of the organs as they will be found in 
any one Insect. 

Muscles. 

The muscular system of Ins(!cts is very extensive, Lyonnet ' 
having found, it is said, nearly 4000 muscles in the caterpillar 
of the goat-moth ; a large part of this number are segnuuital 
repetitions, nevertheless the muscular system is really complex, 
as may be seen by referring to the study of the flight of dragon- 
flies by von liCmdeufeld.- 

The minute structure of the muscles does not differ essentially 
from what obtains in Vertebrate animals. The muscles are 
aggregations of minute fibrils which are transversedy striated, 
though in variable degree. Thosii in the thorax are ycdhnv or 
pale brown, but in other parts the ctdour is more nearly white. 
The muscles of flight are described as being i)enetrated by 
numerous tracheae, while those found elsewhere are iiiendy 
surrounded by these aerating tubules. 

The force brought into play by the contractions of Insect muscles 
is very great, and has been repeatedly stated to be mucli supcjrior 
to that of Vertebrate animals ; very little reliance can, however, be 

Lyonnet, TraiU amtomigiie de la CheniUe tpii rongc h loin de Sanlc. La 
llaye, 1762, On p. 188 he says that he found 1617 musodes, without oonntini; 
those of the head and inteinal organs of the body. He puts the number found iu 
the human body at 529. 

* ISB, Ah Wien, Abth. 1, Ixxxiii. 1881, pp. 289-376. 
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placed on the assumptions and calculations that are supposed to 
prove this, and it is not supported by Camerano's recent researches.’ 

Some of the tendons to which the muscles are attached are 
very elaborate structures, and are as hard as the chitinous 
skeleton, so as to be like small bones in their nature. A very 
elaborate tendon of this kind is connected with the prothoracic 
trochantiii in Coleoptera, and may l)e readily examined in Hydro- 
philus. It has been suggested that the entothorax is tendinous in 
its origin, but other morphologists treat it, with more reason, as 
an elaborate fold inwards of the integument. 


Nervous System. 

Insects are provided with a very complex nervous system, 
which may be treated ns consisting of three divisions : — (1) The 
cephalic system ; (2) the ventral, or ganglionic chain ; (3) an 

accessory sympathetic system, or 
systems. All those divisions 
are intimately connected. We 
will consider first the most ex- 
tensive, viz. the ventral chain. 
This consists of a series of small 
masses of nervous matter called 
ganglia which extend in the 
longitudinal diiection of the 
body along the median line of 
the lower aspect, and are con- 
nected by longitudinal commis- 
sures, each ganglion being joined 
to that following it by two 
threads of nervous matter. Each 
of the ganglia of the ventral 
chain really consists of two 
ganglia placed si tie by side and 
connected by commissures as 
well as cellular matter. In 
Fig. 64.— Cephalic and ventral chain of larvae Some of the ganglia may 

•» so that th. com. 

missures do not exist. From 
the ganglia motor nerves proceed to the various parts of the 
* Metn, Ace. Torino (2), xliii. 1893, j). 229. 
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body for the purpose of stimulating and co-ordinating the 
contractions of the muscles. The number of the ganglia 
in the ventral chain differs greatly in different Insects, and 
even in the different stages of metamorphosis of the same 
species, but never exceeds thirteen. As this number is that 
of the segments of the body, it lias hemi considered tliat each 
segment had primitively a single ganglion. Thirteen ganglia for 
tlie ventral chain can, however, be only demonstrate I in the 
miibryonic state ; in the later stages of life (deven ax)pears to Ije 
the largest number that can be distinguislied, and so many as 
this are found but rarely, and tlien chielly in tlie larval stage. 
Tlie diminution in ninnl)er takes ^dace by tlie amalgamation or 
coalescence of some of the ganglia, and lienee those Insects in 
wliich the ganglia arc few are said to liave a highly cfincentrated 
nervous system. The modes in which these ganglia combine are 
very various ; the most usual is jKudmiis that of the combination 
of the three terminal ganglia into one body. As a rule it may be 
said that concentration is the concomitant of a more forward iwi- 
tiou of the ganglia. As a result of this it is found that in some 
cases, as in Lamellicorn beetles, there are no ganglia situate in 
the abdomen. In the jierfect state of the higher Dixitera, the 
thoracic and abdominal ganglia are so comidetely concentrated 
in the thorax as to form a sort of thoracic brain. In Fig. 64 
we represent a very diffuse and a very concentrated ganglionic 
chain ; A being that of the larva of Chironoinmy .11 that of tlie 
imago of llqjpohosca. In both these sketches the cephalic ganglia 
as well as those of the ventral chain are shown. 

Turning next to the cephalic masses, we find these in the 
perfect Insect to be nearly always two in number : a very largi^ 
and complex one xdaced above the oeso^diagus, and therefnic. 
(*alled the suxmi-oesopbageal ganglion ; and a smallm’ one, the 
sub- or infra-oesoxiliageal, X)la(*ed btdow the oeso]>liagns. I’hc 
fatter ganglion is in many Insects so closely appruximatcil to 
the su])ra-oesophageal ganglion that it aj)i)ears to bt*. a i)art 
thereof, and is sometimes spoken of as the lower brain. In 
other Insects these two ganglia are more remote, and the infra- 
oesojdiageal one then a]>i)ears pirt of the ventral chain. In 
the embryo it is said that the mode of dcvclox»ment of the 
siipra-oesojilmgeal ganglion lends snjijiort to the idea that it 
may be tlie equivalent of three ganglia; there being at one 
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time three lobes, which afterwards cdklesce, on each side of the 
mouth. This is in accordance with tlie view formulated hy 
Viallanes^ to the effect that this great nerve-centre, or brain, 
as it is frequently allied, consists essentially of three parts, viz. 
a Proto-, a Deuto-, and a Trito-cerebron. It is, however, only 
proper to s^iy that though the brain and the ventral chain of 
ganglia may appair to be one system, and in the early embryonic 
condition to be actually continuous, these points cannot be con- 
sidered to be fully established. Dr. L. Will has informed us ^ 
that in Aphididae the braih has a separate origin, and is only 
subsequently united with the ganglionic chain. Some authorities 
say that in the early condition the sub-oesophageal ganglion is 
formed from two, and the supra-oesophageal from the same number 
of ganglia ; the division in that case being 2 and 2, not 3 and 1, as 
Viallanes* views would suggest. The inquiries that are necessary 
to establish such points involve very complex and delicate in- 
vestigations, so that it is not a matter of surprise that it cannot 
yet be said whether each of these views may be in certain cases 
correct. The supra- and sub-oesophageal ganglia are always 
intimately connected by a commissure on each side of the 
oesophagus ; when very closely approximated they look like one 
mass through which passes the oesophagus (Fig. 66, A). Tht» 
large supra-oesophageal ganglion supplies the great nerves of 
the cephalic sense-organs, while the smaller sub -oesophageal 
centre gives off the nerves to the parts of the mouth. From 
the lower and anterior part of the supra-oesophageal ganglion a 
nervous filament extends as a ring round the anterior part of the 
oesophagus, and supplies a nerve to the upper lip.® This structure 
is not very well known, and has been chiefly studied by Lienard,'^ 
who considers that it will prove to be present in all Insects. 

Whether the two cephalic ganglia be considered as really part 
of a single grciat ganglionic chain, or the reverse, they are at any 
rate always intimately connected with the ventral ganglia. We 
have alraxdy stated that the two cephalic masses are themselves 
closely approximated in many Insects, and may add that in 
some Hemiptera the first thoracic ganglion of the ventral chain 
is amalgamated into one body with the sub-oesophageal ganglion, 

* Bull Soe, Philmn, Paris (7), xi. 1887, p. 119, etc., and C, 7?. ^civ. 1887, p. 441. 

^ Zool* Jahrhtch. Anal iii. 1888, p. 276. ^ Kolbe, Binfiikrunq^ 1893, p. 411. 

^ Arch, de Biol i. 1880, p. 381. 
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and further that there are a few Insects in which this latter 
centre is wanting. If the ceplialic ganglia and ventral chain Ik* 
looked on as part of one system, this may lie considered as 
composed originally of seventeen ganglia, whicli numlier has 
been demonstrated in some embryos. 

The anatomy of the supra-oesophageal ganglion is very 
complex ; it has been recently investigated by Viallanes ' in the 
wasp ( Fespa) and in a grasshopper {Caloptenm itulirun'). The 
development and complication of its inner structure and of some 
of its outer parts appear to lie proiKirtioiial with the state of 
advancement of the instinct or intelligcmce of the Insect, and 
Viallanes found the brain of the grasshopper to Ije of a mure 
simple nature than that of the wasp. 


Kia. 65. — Brain of Worker Ant 
of Fonnica rit/a, (After 
fjeydig, liighly inngnitieil. ) 
Kxplaiuitioii in text. 


Brandt, to whom is due a large part of our knowledge of 
the anatomy of the nervous system in InstH'.ts, says tiiat the 
supra-oesophageal ganglion varies greatly in size in various 
Insects, its mass being to a great extent proportional with the 
development of the compound eyes; hence the absolute? siz<* is 
not a criterion for the amount of intelligence, and we must 
rather look to the complication of the structuie and to the 
development of certain parts for an index of this nature. Tlie 
drone in the honey-bee has, correlatively- with the sujierior 
development of its eyes, a larger brain than the workei’, Imt tlie 
size of the hemispheres, and the development of the gyri 
cerebrales is superior in the latter. In other words, the mass of 
^ Ann, Set. Xaf, Zool, (7) ii. 1887, and iv. 1887. 
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those great lobes of the brain that are directly connected with 
the faceted eyes must not be taken into account in a considera- 
tion of the relation of the size and development of the brain to 
the intelligence of the individual. The weight of the brain in 
Insects is said by Lowne to vary from to 
weight of the body. 

Figure 65 gives a view of one side of the supra-oesophageal 
ganglion of the worker of an ant , — Formica rnfa ^ — and is 
tiiken from I^eydig, who gives the following elucidation of it : 
Ay primary lote, a, homogeneous granular inner substance, 
cellular envelope; J5, stalked bodies (gyri cerebrales), b, as 
before ; c, presumed olfactory lobes, inner substance, tZ, gang- 




Fio. C6. — Stomato - gastric 
nerves of Cockroach : A, 
with brain in aitUy after 
Koestler ; B, with the 
brain removed, after Miall 
and Penny : supra- 

oesophageal ganglion ; o, 
optic nerve ; antennary 
nerve ; frontal gang- 
lion ; or, oesopliagus ; c, 
connective ; p,gy pairecl 
ganglia ; w.gr, crop or ven- 
tricular gaiigliou ; r, re- 
current nerve. 


lionic nijisses ; p, ocular loljes, e, /, // , various layers of the 

.same ; e, origin of lateral commissures ; median commissure 
ill interior of brain ; </, lower brain (sub-oesophageal ganglion) ; 
ily oucilli ; Jy fiiciited eye. 

llesides the brain and the great chain of ganglia there exists 
an accessory system, or systems, sometimes called the sym- 
pathetic, vagus, or visccu’al system. Although complex, these 
])arts are delicate and difficult of dissection, and are consequently 
not so well known as is the ganglionic chain. There is a con- 
necting or median nerve cord, communicating with the longi- 
tudinal commissures of each segment, and itself dilating into 
ganglia at intervals; this is sumetiines called the unpaired 
system. There is another group of nerves having paired ganglia, 
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Starting from a small ganglion in the forehead, then connecting 
with the brain, and afterwards extending along tlie oesophagus 
to the crop and proventriculus (Fig. 66). This is usually called 
the stomatogastric system. The oesophageal ring we have already 
spoken of. 

By means of these accessory nervous systems all the organs 
of the body are brought into more or less direct relation witli 
the brain and the ganglionic chain. 

Our knowledge of these subsidiary nervous systems is by 
no means extensive, and their nomenclature is very unsettled ; 
little is actually known as to their functions. 


Organs of Sense. 

Insects have most delicate powers of perception, indeed they 
are perhaps superior in this respect to the other classes of 
animals. Their senses, though probably on the whole analogous 
to those of the Vertebrata, are certainly far from correspomling 
therewith, and their sense organs seem to even more different 
from tAose of what we call tlic higher animals than the functions 
themselves are. Wo have already briefly sketched the structure 
of tlie opticiil organs, which are invariably situate on the head. 
This is not the case with the ears, which certainly exist in one 
Order, — the Orthoptera,- — and are placed either on the front 
legs below tlie knee, or at the Ixise of the abdomen. Notwith- 
standing their strange situation, the structures alluded to are 
undoubtedly auditory, and somewhat approximate in nature to the 
ear of Vertebrates, being placed in proximity to the inner face of 
a tense membrane; we sliall refer to them when considering the 
Orthoptera. Sir John Lubbock considers — no doubt with reason 
— that some ants have auditory organs in the tibia. Many 
Insects possess rod-like or l)ristlc-like structures in various parts 
of the body, called chordotonal organs ; they are cousichutHl by 
<Jral)er^ and others to have auditory functions, though they are 
not to be compared with the definite ears of the Ortlio])tera. 

The other senses and sense organs of Insects are even less 
known, and have given rise to much perj)lexiiy; for though many 
structures have been detected that may with more or less prob- 
ability be looked on as sense organs, it is difliciilt to assign a 
^ ZooL Anz» iv. 1881, p. 4u2. 
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particular function to any 






Fm. 67. — Longitudinal section of 
portion of caudal appendage of 
Acheta domemiica (after Vora 
Rath) : cA, chitiii ; hyp^ hypo- 
dermis ; nerve ; integu- 
mental hairs, not sensitive ; 
ordinary hair ; sensory hair ; 
A\ bladder-like hair ; sense- 
cell. 

these latter, being each 


of them, except it be to the sensory 
hairs. These are seated on various 
parts of the body. The chitinous 
covering, being a dead, hard substance, 
lias no nerves distributed in it, but it 
is pierced with orifices, and in some of 
these there is implanted a hair which 
at its base is in connexion with a 
nerve ; such a structure may pos- 
sibly be sensitive not only to contact 
with solid bodies, but even to vari- 
ous kinds of vibration. We give a 
figure (Fig. 67) of some of these hairs 
on the caudal appendage of a crick(*t, 
after Vom Eath. The small hairs on 
the outer surface of the chitin in this 
figure have no sensory function, but 
efich of the others jirobably has ; and 
accompanied by a different structme, 


must, though so closely approximated, 
be supposed to have a different function ; 
but in what way those that have no 
direct connexion with a nerve may act 
it is difficult to guess. 

The antennae of Insects are the seats 
of a great variety of sense organs, many 
of which are modifications of the hair, 
pit and nerve structure we have described 
above, T)ut others cannot be brought 
within this category. Amongst these 
we may mention the pits covered with 
membrane (figured by various writers), 
[)crforations of the chitin without any 
hair, and membranous bodies either con- 
cealed ill cavities or partially protrudin;" 
therefrom. 

Various parts of the mohtli are also 



Fig. 68. — Longitudinal section 
of apex of palpus of PierUt 
braasicae : sckj scaleB ; cA, 
chitin ; hy2>, hypodennis ■ 
nerve ; sense cells ; 
shf sense hairs. (After 
Vom Hath.) 


the seats of sense organs of different kinds, some of them of a 
compound character ; in such cases there may ha a considerable 
niuuber of hairs seated on branches of a common nerve as figured 
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by Vom Rath^ on the apex of the maxillary palp of T.ocuda 
viridissima, or a compound organ such as we represent in Fig. (58 
may be located in the interior of the a])ical portion of the palp. 

The functions of the various structures that have been 
detected are, as already remarked, very difficult to discover. 
Vom Eath thinks the cones he describes on the antennae and palpi 
are organs of smell, while he assigns to those on tlie maxillae, 
lower lip, epipharynx, and hy])opharynx tlui re/r of tasu* organs, 
but admits ho cannot draw any absolute line of distinction 
between the two forms. The opinions of Kraepelin, Hauser, and 
Will, as well as those of various earlier writers, are considereil in 
Sir John Liibbock*s book on this subject." 


Alimentary and Nutritive System. 

The alimentary canal occupies th(5 median longitudinal axis 
of the body, being situated l)elow the dorsal vessel, and iibove the 
ventral nervous chain ; it extends from the mouth to the op])osite 
extreinity of the body. It varies greatly in the ditlercnt 
kinds of Insects, but in all its forms it is recognisiMl as con- 
sisting essentially of three divisions : anterior, middle, and jios- 
terior. The first and last of these divisions are considered to be 
of quite different morphological nature from the iiiitldle part, 
or true stomach, and to Ih.^, as it were, invaginations of the 
extremities of a closed bag; it is as(‘ertained that in the emlayo 
these invaginations have really blind extremities (see Fig. 82, 
p. 151), and only subseciuently Ixjcome connected with tlie middle 
part of the canal. There are even some larvae of Insects in which 
the posterior portion of the (^aiial is not opened till near the close 
of the larval life ; this is the case wdth many IIynieno])tt'ra, and 
it is probable, though not as frequently stated certain, that th«j 
occlusion marks the point of junction of the ])roctodaeam with 
the stonuich. The anterior and posterior parts of tla^ canal are 
formed by the ectoderm of the embryo, and in enibryological and 
niorphologicfil language are called respectively the stomodatMim 
and jiroctodaeum : the true stomach is formed from the eiidoderm, 

^ Zeitschr, wisa. ZooL xlvi. 1888, pi. xxxi. 

® Chi the SenseSf liistinctSf (i7id IntelUynice of Amnwt.^^ inf/i sfn-fud reference to 
Insects, Vol. LXV. International Scientific Series, 1888. 
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and the muscular layer of the whole canal from the meso- 
derm. 

The alimentary canal is more complex anatomically than it is 
morphologically, and various parts are distinguished, viz. the 
canal and its appendicjula ; the former consisting of oesophagus, 
^ crop, gizzard, true stomach, and an 

intestine divided into two or more 

parts. It should be remarked that 
7 though it is probable that the nior- 

l)hological distinctions correspond to 
a great extent with the anatomical 
^ lines of demarcation, yet this has 

y not been sufficiently ascertained : the 

j I origin of the proctodaeum in Musea 

I is indeed a point of special difficulty, 

iind one on which there is consider- 
f-f \ able diversity of opinion. In some 

yi Jju Hemiptera the division of the canal 

iSi^} into three parts is very obscure, 

80 that it would be more correct, as 
* V Dufour says, to define it as consist- 

ing in these Insects of two main 
/| divisions — one anterior to, the other 

I posterior to, the insertion of the Mal- 

pighian tubes. 

AJK It should be borne in mind that 

j tlie alimentary canal is very different 

\ X in different Insects, so that the brief 

I general description we must confine 

oiii'selves to will not be found to 

Xyphiffria camefns (after Du- ^PPiy Satisfactorily to any 0116 Ill- 
four) : rt, head capsule ; ft, sal- fject. The oesopliHgus is the part bc- 

crop ; e, proventriculus; /, chyle, hiud the lllOUth, and 18 usually liarrow, 

or true stomach ; jr, small iritcs- ,13 Jt, Ijag to pass throui{ll the most 
tine; a, large intestine ; t, Mul- . i 

pighian tubes ; k, termination of iiniwrtaTit iiervous centres ; extremely 

variable in length, it dilates behind 

to form the crop. It may, too, have a dilatation immediately 

behind the mouth, and in such case a pharynx is considered to 

exist. The crop is broader than the oesophagus, and must he 

hxiked on as a mere dilatation of the latter, as no line of 
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demarcation can be pointed out between the two, and the crop 
may be totally absent. 

In some of the sucking Insects there is a lateral diverticulum, 
having a stalk of greater or less length, called the suckiug- 
stoimich ; it is by no means certain that the function this name 
implies is correctly assigned to the organ. 

The gizzard or proveiitriculus (French, g^siev ; German, 
Kaumagen) is a small body interposed, in some Insects between 
the true stomach and the crop or oesophagus. It is frecpiently 
remarkable for the development of its chitinous lining into 
strong toothed or ridged processes that look as if they were well 
adapted for the comminution of food. The function of the 
proveiitriculus in some Insects is obscure ; its structure is used 
by systematists in the classification of ants. Tlie extremity of 
the proveiitriculus not infrequently projects into the cavity of 
the stomach. 

The true stomach, or chylific ventricle {Magm or Mitteldarm 
of the Germans), is present in all the post-embryonic stages of* 
the l^nsect's life, existing even in the imagines of those who 
live only for a few hours, and do not use the stomach for any 
alimentary purpose. It is so variable in shape and capacity that 
no general description of it can be given. Sometimes it is A'crj* 
elongate, so that it is coiled and like an intestine in shape ; it 
very frequently bears diverticula or ])()uches, which are placed on 
the anterior part, and vary greatly in size, sometimes they are 
only two in numl)er, while in other cases they are so numerous 
tliat a portion of the outside of the stomach looks as if it wvw 
covered with villi. A division of the stomach into two parts 
is in some cases very marked, and the posterior portion may, in 
certain cases, be mistaken for the intestine ; but the position oi’ 
the Malpighian tubes serves as a mark for the distinction of tlu‘ 
two structures, the tubes lieing inserted just at the junction of 
the stomach with the intestine. 

The intestine is very variable in length : the anterior part is 
the smaller, and is frequently spoken of as the colon ; at tlu^ 
extreinity of the body the gut becomes much larger, so as to 
form a rectum. There is occasionally a diverticulum or “ caecum 
connected with the rectum, and in some Insects stink-glands. 
In some Hemiptera. there is no small intestine, the Malpighian 
tubes being inserted at the junction of the stomach with the 
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rectum. The total length of the alimeiitaiy canal ia extremely 
variable ; it is necessarily at least as long as the distance between 
the mouth and antvl orifice, but sometimes it is five or six 
times as long as this, and some of its parts then form coils in 
the abdominal cavity. 

The alimentary canal has two coats of muscles : a longitudinal 
and a transverse or anniUar. Both coexist in most of its parts. 
Internal to these coats there exists in the anterior and posterior 
parts of the canal a chitinous layer, which in the stomach is 
replaced by a remarkable epithelium, the cells of which are 
renewed, new ones growing while the old are still in activity. 
We figure a portion of this structure after Miall and Denny, 
and may remark that Oudemans^ has verified the correctness of 
their representation. The layers below represent the longi- 
tudinal and transverse muscles. 


Fia. 70. — Epithelium of stomacli 
of Cockroach (after Miall and 
Denny) : the lower parts indi- 
cate the transverse and longi- 
tudinal muscular layers. 


In addition to the various diverticula we have mentioned, 
there are two important ' sets of organs connected with the 
alimentary canal, viz. the salivary glands and the Malpighian 
tubes. 

The salivary glands are present in many Insects, but are 
absent in others. They are situate in the anterior portion of 
the body, and are very variable in their development, being 
sometimes very extensive, in other cases inconspicuous. They 
consist either of simple tubes lined with cells, or of branched 
tubes, or of tubes dilated laterally into little acini or groups of 
bags, the arrangement then somewhat resembling that of a bunch 
of grapes. There are sometimes large sacs or reservoirs con- 
nected with the efferent tubes proceeding from the secreting 
portions of the glands. The salivary glands ultimately discharge 
into the mouth, so that the fluid secreted by them has to be 
^ Bijd» Dierkwndet 16, 1888, p. 192. 
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swallowed in the same manner as the food, not improbably along 
with it. The silk so copiously produced by some larvae comes 
frpm very long tubes similar in form and situation to the simple 
tubes of the salivary glands. 

The Malpighian tubules are present in most Insects, thougli 
they are considered on good authority to be absent in many 
Collembola and in some Tliysanura. They are placed near the 
posterior part of the body, usually opening into the alimentary 
canal just at the junction of the stomach and the intestine, at a 
spot called the pylorus. They vary excessively in length and in 
number,^ being sometimes only two, while in other cases there 
may be a hundred or even more of them. In some crises they 
are budded off from the hind-gut of the embryo when this is 
still very small; in other cases they appear later; frequently 
their number is greater in the adult than it is in the young. 
In Gryllotalpa tliere is one tube or duct witli a eonsideralJii 
number of liner tul)ea at the end of it. There is no muscular 
layer in the Malpighian tubes, they being lined with cells which 
leave a free canal in the centre. Tlie tubes are now thought, on 
considdtable evidence, to bi^ organs for the excretion of uric acid 
or urates, but it is not known how they are emptied. Marchal 
has stated ^ tliat he has seen the Malpighian tubes, on extrac- 
tion from the body, undergo worm-like movements ; he suggests 
that their contents may be exjxjlled by similar movements when 
they are in the body. 

The functions of the different portions of the alimentary 
canal, and the extent to which the ingested food is acted on by 
their mechanical structures or tlieir products is very obscure, and 
different opinions prevail on important i)oint8. It would appear 
that the saliva exercises a prejmratory action on tiu? food, ajid 
that the absorption of the nutritive matter into the l)ody cavity 
takes place chieHy from the true stomach, while the Malpighian 
tubes i^rform an excretory function. Beyond these elementary, 
though but vaguely ascertained facts, little is known, though 
Plateau's® and Jousset's researches on the digestion of Insects 
throw some light on the subject. 

' For a review of their number sco Wheeler, Psyche, vi. 1893, pp. 457, etc. 

® Ann. Soc. Eiit. France^ Ixi. 1892, Bull p. cclvi. 

* Mem, Ac, Belgiq'iie (2), xli. 1876, and Bull, Ac, Belgique (2), xliv. 1877, 
p. 710. 
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Bespiratorjr Orcrans. . 

The respiration of Insects is carried on by means of a 8}’'Steni 
of vessels for the conveyance of air to all parts of the body ; this 
system is most remarkably developed and elaborate, and contrasts 
strongly with the mechanism for the circulation of the blood, 
which is as much reduced as the air system is highly developed, 
as well as with the arrangement that exists in the Vertebrates. 
There are in Insects no lungs, but air is carried to every part of 
the body directly by means of tracheae. These tracheae con- 
nect with the spiracles — ^the orifices at the sides of the body 
we have already mentioned when describing the external struc- 
tures — and the air thus finds its way into the most remote 
recesses of the Insect’s body. The tracheae are all intimately 
connected. Large tubes connect the spiracles longitudinally, 
others pass from side to side of the body, and a set of tracheae 
for the lower part of the body is connected with another 
set on the upper surface by means of several descending 
tubea From these main channels smaller branches extend in all 
directions, forking and giving off twigs, so that all the organs 
inside tlie body am be supplied with air in the most liberal 
manner. On opening a freshly deceased Insect the abundance of 
the tracheae is one of the peculiarities that most attracts the 
attention ; and as these tulies have a peculiar white glistening 
appearance, they are recognised without difficulty. In Insects 
of active flight, possibly in some that are more passive, though 
never in larvae, there are air-sacs, of more than one kind, con- 
nected with the tracheae, and these are sufficiently capacious to 
have a considerable effect in diminishing the specific gravity of 
the Insect. The most usual situation for these sacs is the basal 
portion of the abdominal cavity, on the great lateml tracheal 
conduits. In speaking of the external structure we have remarked 
that the stigmata, or spiracles, by which the air is admitted 
are very various in their size and in the manner in which they 
open and close. Some spiracles have no power of opening ; while 
others are provided with a muscular and valvular apparatus for 
the purpose of opening and closing effectually. 

The structure of the tracheae is remarkable ; they are elastic 
and consist of an outer cellular, and an inner chitinous layer ; 
this latter is strengthened by a peculiar spiral fibre, which gives 
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to the tubes, wheu examined with the microscope, a transversely, 
closely striated appearance. Packard considers' that in some 
tracheae this fibre is not really spiral, but consists of a large num- 
ber of closely placed rings. Such a condition has not, however, 
lieen recorded by any other oljserver. The spu'al fibre is absent 
in the fine capillary twigs of the tracheal system, as well as from 
the expanded sacs. Tlie mode of termination of the capillary 
branches is not clear. Some have supposed that the finest twigs 
anastomose with othei’s ; on the other hand it has been Siiid that 
they terminate by penetrafing cells, or that they simply come 
to an end with either open cr closed extremities. Wistiug- 



Fio. 71. — Portion of tlie aMomlual part of tracheal system of a Locust (Oerf/^Ksfa): 
a, spiracular oritices ; tracheal tubes ; c, vesicular dilatations ; c?, tracheal t\vigs 
or capillaries. (After Dufour.) 

hausen “ states that in the silk-glands the tracheal twigs anas- 
tomose, and he is of opinion that the fine terminal portions 
contain fluid. However this may be, it is certain tliat all the 
organs are abundantly supplied with a capillary tracheal net- 
work, or arboreal ramification, and that in some cases the tubes 
enter the substance, of tissues. Near their terminations tliey 
are said to be to millimetre in diameter. 

We must repeat that such a system as we have just sketched 
forms a striking contrast to the imperfect blood-vascular system, 
and that Insects differ ])rofoundly in these respects from Verte- 
brate animals. In the latter the blood-vessels ^xinetrate to all 

^ American KatundUi, xx. 1886, pp. 438 nnd 558. 

^ ZeUsehr, wiss, ZooU^ xlix. 1890, p, 565. 
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the tissues and form capillaries, while the aerating apparatus is 
confined to one part of the body ; in Insects the blood-circulating 
system is very limited, and air is carried directly by complex 
vessels to all parts ; thus the tracheal system is universally recog- 
nised as one of the most remarkable of the characters of Insecta 
Many Insects have a very active respiratory system, as is shown 
by the rapidity with which they are affected by agents like 
chloroform; but the exact manner in which the breathing is 
carried on is unknown. In living Insects rapid movements of 
contraction and expansion of parts* of the body, chiefly the 
abdomen, may lie observed, and these body contractions are some- 
times accompanied by opening and shutting the spiracular 
orifices : it has been inferred that these phenomena are respira- 
tory. Although such movements are not always present, it is 
possible that when they occur they may force the air onwards 
to the tissues, tliough this- is by no means cerbiin. It is clear 
that the tracheal system is the usual means of supplying the 
organisation with oxygen, but it ap})ears to be improbable that 
it can also act as the agent for removing the carbonaceous pro- 
ducts of tissue-changes. It has been thought possible that car- 
bonic acid might reach the spiracles from the remote capillaries 
by a process of diffusion,^ but it should be recollected that as 
some Insects have no tracheal system, there must exist some 
other mode of eliminating carlrouic acid, and it is possible that 
this mode may continue to operate as an important agent of 
purification, even when the tracheal system is, as a bearer of air 
to the tissues, highly developed Eisig ^ has suggested that the 
formation of chitin is an act of excretion ; if so this is capable 
of relieving the system of carbonic acid to some extent. Others 
have maintained that transpiration takes place through the deli- 
cate portions of the integument. Lubbock® has shown that 
Melolontha larvae breathe “partly by means of their skin.” 
The mode in which the carbon of tissue -change, and the 
nitrogen of inspiration are removed, is still obscure ; but it 
appears probable that the views expressed by B4aiunur, Lyonnet, 
and Lowne * as to inspiration and expiration may prove to be 
nearer the truth than those which are more widely current. In 

^ See Miall and Denny, CockrocLch^ p. 158. 

* Eisig, JIfon. CapUelliden^ 1887, p. 781. 

’ Tr, Linn. Soc, Lo7id<m Zooh xxiii. 1860, p. 29. ^ Blowfly^ etc, p. 376. 
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connexion with this it should he recollected that the outer 
integument consists of chitin, and is cast and renewed several 
times during the life of the individual. Now as chitin consists 
largely of carbon and nitrogen, it is evident that the moulting 
must itself starve as a carbonaceous and nitrogenous excretion. 
If, as is suggested by Bataillon’s researches,^ the condition 
accompanying metamorphosis be that of asphyxia, it is i)robable 
that the secretion of the new coat of chitin may figure as an 
act of excretion of considerable importance. If there be any 
truth in this suggestion , it may prove the means of enabling us 
to comprehend some points in the development of Insects that 
have hitherto proved very perplexing. 

Peyron has shown ^ that the atmosphere extracted from the 
bodies of Insects (Melolontha) is much less rich in oxygen than 
the surrounding atmosphere is, and at ordinary temperatures 
always contains a much larger proportion of carbonic acid : he 
finds, too, that as in the leaves with which he makes a comparison, 
the proportion of oxygen augments as the protoplasmic activity 
diminishes. Were such an obser\"ation carried out so as to dis- 
tinguish between the air in the tracheal system and the gas in 
other parts of the body the result would be still more interesting. 

We know very little as to the animal heat produced hy 
insects, but it is clear from various obscjrvations ** that the 
amount evolved in repose is very small. In different conditions 
of activity the temperature of the insect may rise to be several 
degrees above that of the surrounding medium, but there seems 
to be at present no information as to the physiological mode of 
its production, and as to the channel by which the products — 
whether carbonic acid or other matters — may be disposed of. 

In the order Aptera (Thysanura and Collembola) tlie trtichetil 
system is highly peculiar. Tn some Collembola it apparently 
does not exist, and in this case we may presume with greater 
certainty that transpiration of gases occurs through the integu- 
ment : in other members of this Order tracheae are present in a 
more or less imperfect state of development, but the tracheae 
of different segments do not communicate with one another, 

1 C. R Ac, Sci,, cxv. 1892, p. 61, and Bull, Sei. France Belgique^ xxv. 1893, 

p. 18 . 

2 Compt, rend, Ac, Paris^ cii. 1886, p. 1839. 

’ See Newport, Phil, Trans, 1837, and Lubbock Linn, Trava, xxiii. 1860, 
p. 29, etc. 
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thus forming a remarkable contrast to the amalgamated tracheal 
system of the other Orders of Insects, Mvhere, even when the 
tracheal system is much reduced in extent (as in Coccidae), it is 
nevertheless completely unified. GryUotalpa is, however, said 
by Bohrn ^ to be exceptional in this respect ; the tracheae con- 
nected with each spiracle remaining unconnected. 

Water Insects have usually peculiarities in their respiratory 
systems, though these are not so great as might d pnon have 
l^n anticipated. Some breathe by coming to the surface and 
taking in a supply of air in varioius manners, but some appar- 
ently obtain from the water itself the air necessary for their 
physiological processes. Aquatic Insects mre frequently provided 
with gills, which may be either wing-like expansions of the 
integument containing some tracheae (Ephemeridae larvae), or 
bunches of tubes, or single tubes (Trichoptera larvae). Such 
Insects may either possess stigmata in addition to the gills, or 
l)e destitute of them. In other cases air is obtained by taking 
water into the posterior part of the alimentary canal (many 
dragon-flies), which p»irt is then provided with special tracheae. 
Some water-larvae appear to possess neither stigmata nor gills 
(certain Perlidae and Diptera), and it is supposed that these 
obtain air tlmough the integument; in such Insects tracheal 
twigs may frequently l)e seen on the interior of the skin. In 
the imago state it is the rule that Water Insects breathe by 
means of stigmata, and that they carry about with them a supply 
of air sufficient for a longer or shorter period. A great many 
Insects that live in water in their earlier stages and breathe 
there by peculiar means, in their perfect imago state live in the 
air and breathe in the usual manner. There are, in both ter- 
restrial and aquatic Insects, a few cases of exsertile sacs without 
tracheae, but filled with blood {PeloMm larva, Maehilu, etc.) ; and 
such organs are supposed to be of a respiratory nature, though 
there does not appear to be any positive evidence to that effect. 

Blood and Blood-Oirctdation. 

Owing to the great complexity of the tracheal system, and to 
its general diffusion in the body, the blood and its circulation are 
very different in Insects from what they are in Vertebrates, so 

* ZeitvJir. wist, Zosil. xxrL 1876, p. 137. 
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that it is scarcely conducive to the progress of physiological 
knowledge to c&ll two fluids with such different functions by one 
name. The blood of Insects varies according to the species, and 
in all probability even in conformity with the stage of the life 
of the individual. Its primary oflice is that of feeding the 
tissues it bathes, and it cannot be considered as having any aerat* 
ing function. It is frequently crowded with fatty sul stances. 
Graber says : “ The richness of Insect blood in unsaponified or 
unelaboratcd fat shows in the plainest manner that it is more 
properly a mixture of blood and chyle ; or indeed we might say 
with greater accuracy, leaving out of consideration certain 
matters to be eliminated from it, that it is a refined or distilled 
chyle.” Connected in the most intimate manner with the blood 
there is a large quantity of material called vaguely the fat- 
body ; the blood and its adjuncts of this kind being called 
l)y Wielowiejski ^ the blood-tissue. We shall return to the 
consideration of tliis tissue after sketching the apparatus for 
distributing the refined chyle, or blood as we must, using the 
ordinary term, call it. 

There is in Insects no complete system of blood-vessels, though 
there is a pulsating vessel to ensure distribution of the nutritive 
fluid. This dorsiil vessel, or heart as it is frequently called, may 
be distinguished and its pulsations watched, in transparent 
Insects when alive. It is situate at the upper part of the 
body, extending from the posterior extremity, or near it, to the 
head or thorax, and is an elongate tube, consisting as it were of 
a number of united chambers; it is closed behind, except in 
some larvae, but is open in front, and has several orifices at the 
sides; these orifices, or ostia, are frequently absent from the 
front part of the tube, which portion is also narrower, being 
called the aorta — by no means a suitable term. Near tlie lateral 
orifices there are delicate folds, which act to some extent as 
valves, facilitating, in conjunction with the mode of contraction 
of the vessel, a forward movement of the blood. The composition 
of the tube, or series of chambers, is that of a muscular layer, 
with internal and external membranous coverings, tlie intima and 
adventitia. Olga rdetajewa states* that in Bornbus the dorstil 
vessel consists of five chaml>ers placed in longitudinal succession, 
and not very intimately connected, and that there is but little 
^ Zeitachr, mss, Zoal, xliii. 1886, p. 512. - Zool, Anz, ix. 1886, p. 13. 
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valvular structure. In Cimhex she finds a similar arrangement, 
but there are ten chambers, and no aorta. ' 

The dorsal vessel is connected with the roof of the body by 
some short muscles, and is usually much surrounded by fat-body 
into which tracheae penetrate ; by tliese various means it is kept 
in position, though only loosely attached; beneath it there is 
a delicate, incomplete or fenestrate, membrane, delimiting a sort 
of space called the pericardial chamber or sinus ; connected with 
this membrane are some very delicate muscles, the alary miiscles, 
extending inwards from the body wall (J, Fig. 72): the cmrtain 
formed by these muscles and the fenestrate membrane is called 



Fio. 72. — Dorsal ressel 
(c), and alary musclea 
( 6),of Oryllotalpa ( after 
Grabcr) ; n, aorta. 
N,B, — The ventral 
aspect 1.S here dorsal, 
and nearly the whole 
of the body is removed 
to show these parts. 


Flo. 73. — Diagram of transverse section 
of pericardial sinus of Oedipoda coeru^ 
lescem. (After Graber, Arch, Mih\ 
Anal, ix. ) H, heart ; s, septum ; 
muscles — the upper suspensory, the 
lower alary. 


the pericardial diaphragm or septum. The alary muscles are 
not directly connected with the heart. 

It has been thought by some that delicate vessels exist beyond 
the aorta through which the fluid is distributed in definite 
channels, but this does not appear to be really the case, although 
the fluid may frequently be seen to move in definite lines at some 
distance from the heart. 

There is still much uncertainty as to some of the details of 
the action of the heart, and more especially as to the influence of 
the alary muscles. The effect of the contraction of these must 
be to increase the area of the pericardial chamber by rendering 
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its floor or septum less arched, as shown in our diagram (Fig. 73), 
representing a transverse section through the pericardial chamber, 
H being the dorsal vessel wdth m its suspensory muscles, and s its 
septum, with m the alary muscles. The contraction of these latter 
would draw the septum into the position of the dotted line, thus 
increasing the area of the sinus above ; but as this floor or septum 
is a fenestrated structure, its contraction allows fluid to pass 
through it to the chamber above; thus this arrangement may 
be looked on as a means of keeping up a supply of fluid to the 
dorsal vessel, the perforated septum, when it contracts, exerting 
pressure on the tissues l^elow; these are saturated with fluid, 
which passes through the apertures to the enlarged pericardial 
chamber. 

Some misconception has prevailed, too, as to the function of 
the pericjirdial chainl)er. This apa(?e frequently contains a large 
quantity of fat-body — pericardial tissue — together with tracheae, 
and this has given rise to the idea that it might be lung-like 
in function; but, as Miall and Denny ^ have pointed out, this is 
erroneous; the tissues in Insects have their own ample sup- 
])lies of air. It has also been supposed that the alary muscles 
cause the contraction of the heart, but this is not directly the 
case, for they are not attached to it, and it pulsates after they 
have been severed. It has been suggested that the contractions 
of this vessel are regulated by small ganglia placed on, or in, its 
substance. However this may be, these contractions vary enor- 
mously according to the condition of the Insect*, they may be 
as many, it is said, as 100 or more in a minute, or they may b(» 
very slow and feeble, if not altogether absent, without the deatli 
of the Insect en.suing. 

The expulsion of the blood from the front of the dorsjd 
vessel seems to be due to the rhythm of the contrac- 
tion of the vessel as well as to its mechanical structure. 
Bataillon says,^ confirming an observation of Eeaumur, that at 
the period when the silkworm is about to change to the chrysalis 
condition, the circulation underg<X3S periodical changes, the fluid 
moving during some intervals of about ten minutes’ duration in 
a reversed direction, while at other times the blood is expelled 
in front and backwards simultaneously, owing apparently to a 
rhythmical change in the mode of contraction of the dorsal vessel. 

^ Cackroachf p. 140. * BulL Scu France Belgiqne^ xxv. 189S, p. 22. 
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As the dorsal vessel consists of a number of distinct chambers, 
it has been suggested that there is normally one of these for 
each segment of the body ; and it appears tlmt the total number 
is sometimes thirteen, which is frequently that of the segments 
of the body without the head. The number of chambers differs, 
however, greatly, as we have previously stated, and cannot be 
considered to support the idea of an original segmental arrange- 
ment of the chambera The dorsal vessel, though in tlie adult a 
single organ, arises in the embryo from two lateral, widely 
separated parts which only in a subsequent stage of the embry- 
onic development coalesce in the median line. 

Fat-Body. 

In discussing the tracheae we remarked on the importance of 
.their function and on their abundant presence in the body. 
Equally conspiciious, and perhaps scarcely less important in func- 
tion, is the fat-body, which on opening some Insects, especially 
such as are in the larval stage, at once attracts attention. It 
consists of masses of various size and indefinite form distributed 
throughout the body, loosely connected together, and more or 
less surrounding and concealing tlie different organs. The colour 
varies according to tlie species of Insect. This fat-body is much 
connected with fine tracheal twigs, so that an organisation extend- 
ing throughout the body is thus formed. It may be looked on as 
a store of nutritious matter which may be added to or drawn 
on with gi’eat rapidity ; and it is no doubt on this that many of 
the internal parasites, so common in the earlier stages of Insects' 
lives, subsist before attacking the more permanent tissues of their 
hosts. There is some reason to suppose that the fat-body may 
have some potency in detennining the hunger of the Insect, for 
some parasitised larvae eat incessantly. ' 

The matter extracted from the food taken into the stomach 
of the Insect, after undergoing some elaboration — on which point 
very little is known — finds its way into the body-cavity of the 
creature, and as it is not confined in any special vessels the fat- 
body has as unlimited a supply of the nutritive fluid as the 
other organs { if nutriment be present in much greater quantity 
than is required for the purposes of immediate activity, meta- 
morphosis or reproduction, it is no doubt taken up by the fat- 
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body which thus maintains, as it were, an independent feeble life, 
subject to the demands of the higher parts of the organisation. 
It undoubtedly is very important in metamorphosis, indeed it 
is possible that one of the advantages of the larval state may be 
found in the fact that it facilitates, by means of the fat-body, 
the storage in the organisation of large qiiantities of material 
in a comparatively short periotl of time. 

A considerable quantity of fat tissue is found in the peri- 
cardial sinus, where it is frequently of somewhat peculiar form, and 
is spoken of as pericardial cells, or pericardial tissue. Some large 
cells, frequently of pale yellow colour, and containing no fat, are 
called oenocytes by Wielowiejski. They are connected with the 
general fat-body, b\it are not entirely mingled with it ; several 
kinds have been already distinguished, and they are probably 
generally present. The phagocytes, or leucocytes, the cells that 
institute the process of histolysis in the metamorphosis of 
Muscidae, are a form of blood cell ; though these cells ai’e 
amoeboid some witers derive them from the fat-body. The 
cells in the blood have no doubt generally an intimate re- 
lation with the fat-body, but very little accurate information has 
been obtained as to these important physiological points, though 
Graber has inaugurated their study.^ 

Organs of Sesc. 

The continuation of the species is effected in Insects by means 
of two sexes, each endowed with special reproductive organs. It 
has been stated that there are three sexes in some Insects — finale, 
female, and neuter ; but this is not correct, as the so-called 
neuters are truly sexed individuals,— generally female.s, — though, 
as a rule, they are not occupied with the direct physiological 
processes for continuing the species. 

The offspring is usually produced in the shape of eggs,- which 
are formed in ovaries. These oi’gans consist of egg-tubtis, a cluster 
of which is placed on each side of the body, and is susjiended, 
according to Leydig* and others, to the tissue connected with 
the heart by means of the thread-like terminations of the tubes. 
The nxunber of egg-tubes varies greatly in different Insects; 
there may be only one to each ovary (Campodea), but usually the 
* Jiiol, CetUralbl. xi. 1891, p. 212. ’ Ae. German, xxxiii. 1887, Xo. 2. 
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number is greater, and in the queen-bee it is increased to about 
180. In the Queens of the Termitidae, or white ants, the ovaries 
take on an extraordinary development ; they fill the whole of the 
greatly distended hind-body. Three thousand egg-tubes, each con- 
taining many hundred eggs, may be found in a Queen Termite, so 
that, as has been said by Hagen,^ an offspring of millions in number 
is probable. There is considerable variety in the arrangements 
for the growth of the eggs in the egg-tubes. Speaking concisely, 

the tubes may be considered to be 
centres of attraction for nutritive 
material, of which they frequently 
contain considerable stores. Next 
to the terminal thread, of which we 
have already spoken, there is a 
greater or smaller enlargement of 
the tube, called the terminal cham- 
ber; and there may also be nutri- 
ment chambers, in addition to the 
dilatations which form the egg-cham- 
bers proper. Korschelt ^ distinguishes 
three principal forms of egg-tubes, viz. 
(1) there arc no special nutriment 
chambers, a condition shown in Figure 
74; (2) nutriment chambers alter- 
nate with the egg-chambers, as shown 
in our Figure of an egg - tube of 
Fro. 74.— Sex organs of female of Dytiscus marginalis ; (3) the ter- 
(after Dufour); chamber takes on an unusual 

«, egg-tutes; 6, oviducts; c, ^ , 

poison glands ; d, duct of acces- development, acting as a large nutri- 

sory gland (or sperniatheca) ; e, j^ent chamber, there being no other 

external terminal parte of body. ’ ° 

special nutriment chambers. This 

condition is found in JRhizotrogm solditialia. Tlie arrangements 
as to successive or simultaneous production of the eggs in the 
tubes seem to differ in different Insects. In some fonns, such as 
the white ants, the process of egg-formation (oogenesis) attains a 
rapidity that is almost incredible, and is continued, it is said, for 
periods of many montha There is no point in which Insects 
Ifilffer more than in that of the number of eggs produced by one 

^ Linnaea eTUovnologica^ xii. 1858, p. 313. ■ 

* Zeitschr. wiss, ZooU 1886, xliii. p. 539. 
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female. The egg-tubes are connected with a duct for the con- 
veyance of the eggs to the exterior, and the arrangements of 
the tubes with regard to the oviduct also vary 
much. An interesting condition is found in 
(see Fig. 94, p. 188), where the seven 
egg -tubes are not arranged in a bunch, but 
open at a distance from one another into the 
elongated duct. The two oviducts usually unite 
into one chamber, called the azygos portion or 
the uterus, near their termination. There are a 
few Insects (Ephemeridae) in which the two ovi- 
ducts do not unite, but have a pair of orifices at 
the extremity of the body. Hatchett -Jackson 
has recently shown ^ that in Vanessa io of the 
Order Lepidoptera, the paired larval oviducts are 
solid, and are fixed ventrally so as to reju'esent 
an Ephemeridean stage ; that the azygos system 
of ducts and appended structures develop separ- 
ately fyoin the original oviducts, and that they 
j)as8 through stages represented in other Orders 
of Insects to the stage peculiar to the Lepi- 
doptera. MacMlis^ according to Oudemans, is a 
complete connecting link between the Insects 
with single and those with paired orifices. „ ^ , 

Tliere are iu different Insects more than one oi DyiUcua mar- 
kind of diverticula and accessory glands in con- ^hTmVer c 
uexiou with the oviducts or uterus; a recepta- nutriment cliam- 

culum seiuiuis, also called spermatheca, is conimoii. c”am w™*”/' 

In the Lepidoptera there is added a reniarkahle terminal thremi. 
structure, the bursa copulatrix, which is a pouch 8^61^) 
connected by a tubular isthmus with the common 
portion of the oviduct, but having at the same time a separate 
external orifice, so that there are two sexmil orifices, the opening 
of the bursa copulatrix being the lower or more anterior. The 
organ called by Dufour iu his various contributions glande sMJique, 
is now considered to be, iu some cases at any rate, a siiermatheca. 
The special functions of the accessory glands are still very 
obscure. 

The ovaries of the female are replaced in the male by a pair 
* Tr. Linn, Son, London, 2nd ser. ; Zool. v. 1890, p. 173. 
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of testes, organs exhibiting much variety of form. The structure 
may consist of an extremely long and fine' convoluted tube, packed 
into a small space and covered^ with a capsule ; or there may l>e 
several shorter tubea As another extreme may be mentioned the 
existence of a number of small follicles opening into a common 
tube, several of these small bodies forming together a testia As 
a rule each testis has its own capsule, but cases occur — -very 
frequently in the Lepidoptera— in which the two testes are 
enclosed in a common capsule ; so that there then appears to be 
only one testia The secretion of each testis is conveyed out- 
wards by means of a slender tulje, the vas deferens, and there are 
always two such tubes, even when the two testes are placed 
in one capsula The vasa deferentia difl'er gi’eatly in their 
length in different Insects, and are in some cases many times the 
length of the body ; they open into a common duct, the ductus 
ejaculatoriua Usually at some part of the vas deferens there 
exists a reservoir in the form of a sac or dilata- 
tion, called the vesicula seminalis. There are 
in the male, as well as in the female, frequently 
diverticula, or glands, in connexion with the 
sexual passages; these sometimes exhibit very 
remarkable forms, as in the common cockroach, 
but their functions are quite obscure. There 
is, as we have already remarked, extreme variety 
in the details of the structxue of the internal 
reproductive apparatus in the nude, and there are 
a few cases in which the vasa deferentia do not 
unite behind, bxit terminate in a pair of separate 
orifices. The genus Machilis is us remarkable in 
the fonn of the sexual glands and ducts of the 
male as we have already mentioned it to be in 
the corresponding parts of the female, 
etncto. a, a. Although the internal sexual organs are only 
defcAiiUat developed in the imago or terminal stage 

vesiculie wmin- of the individual life, yet in reality their rudi- 
body*wMh ments appear very early, and may be detected 

copuiatory m> fyoux the embryo state onwards through the 
mature. (Alter ,, , . ^ 

Dufour.) other preparatory stages. 

The spermatozoa of a considerable number of 
Insects, especially of Coleoptera, have been examined by Ballo- 
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witz;^ they exhibit great variety; usually they are of extremely 
elongate form, thread-like, with curious sagittate or simply 
pointed heads, and are of a fibrillar structure, breaking up at 
various parts into finer threads. 

External Sexual Organa. — ^The terminal segments of the 
body are usually very highly modified in connexion with the 
external sexual organs, and this modification occurs in such a 
great variety of forms as to render it impossible to give any general 
account thereof, or of the organs themselves. Some of these 
segments — or parts of the segments, for it may be dorsal plates 
or ventral plates, or Iwth — may be withdrawn into the interior, 
and changed in shape, or may be doubled over, so that the 
true termination of the body may 1)e concealed. The com- 
parative anatomy of all these parts is especially complex in 
the males, and has been as yet but little ehicidated, and as the 
various terms made use of by descriptive entomologists are of 
an , unsatisfactory nature we may be excused from enumeint- 
ing them. We may, however, mention that when a terminal 
clmmber is found, with which both the alimentary canal and the 
sexual organs are connected, it is called a cloaca, as in other 
animals. 


Parthenogenesis. 

There are undoubted cases in Insects of the occurrence of 
parthenogenesis, that is, the production of young by a female 
without concurrence of a male. This phenomenon is usually 
limited to a small number of generations, as in the case of the 
Aphididae, or even to a single generation, as occurs in the alterna- 
tion of generations of many Cynipidae, a parthenogenetic alter- 
nating with a sexual generation. There are, however, a few 
species of Insects of which no male is known (in Tenthredinidae, 
Cynipidae, Coccidae), and these must be looked on as pei’petually 
parthenogenetic. It is a curious fact that tlie result of jjartheno- 
genesis in some species is the production of only one sex, whicli 
in some Insects is female, in others male ; the phenomenon in the 
former case is called by Taschenberg ^ Thelyotoky, in the latter 
case Arrhenotoky ; Deuterotoky being applied to the cases in 
which two sexes are produced In some forms of iiartheno- 
‘ ZeitKhr. wist. Zool. 1. 1890, p. 317. * Abh. Oes. Ealle,xvii 1892, p. 366. 
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genesis the young are produced alive instead of in the form of 
egga A very rare kind of parthenogenesis, called paedogenesis, 
has been found to exist in two or three species of Diptera, 
young being produced by the immature Insect, either larva or 
pupa. 


Glands. 

Insects are provided with a variety of glands, some of 
which we have alluded to in describing the alimentary canal 
and the organs of sex ; but in addition to these there are others 
in connexion with the outer integument ; they may be either 
single cells, as described by Miall in Dicranota larva, ^ or groups 
of cells, isolated in tubes, or pouches. The minute structure 
of Insect glands has been to some extent described by Leydig ; ^ 
they appear to be essentially of a simple nature, but their special 
functions are very problematic, it being difficult to obtain 
sufficient of their products for satisfactory examination. 

^ Tr, Ent, Soc, Loivdon, 1893, p, 241. 


^ Ar(^u Anat, Phys. 1855 and 1859. 



CHAPTER V 

DEVELOPMENT 

EMBRYOLOGY EGOS MICUOPYLES FORMATION OF EMBRYO VEN- 
TRAL PLATE ECTODERM AND ENDODEUM SEGMENTATION 

LATER STAGES DIRECT OBSERVATION OF EMBRYO METAMOR- 
PHOSIS COMPLETE AND INCOMPLETE INSTAR HYPERMETA- 
MORPHOSIS METAMORPHOSIS OF INTERNAL ORGANS INTE(iU- 

MENT METAMORPHOSIS OF BLOWFIT HISTOLYSIS IMAGINAL 

DISCS PHYSIOLOGY OF METAMORPHOSIS — ECDYSIS. 

The processes for the maintenance of the life of the individual 
are in Insects of less proportional importance in comparison with 
those for the maintenance of the species than they are in Verte- 
brates. The generations of Insects are numerous, and the in- 
dividuals produced in each generation are still more profuse. 
The individuals have as a rule only a short life ; several successive 
generations may indeed make their appearances and disappear 
in the course of a single year. 

Although eggs are laid by the great majority of Insects, a 
few species nevertheless increase their numbers by the production 
of living young, in a shape more or less closely similar to tliat 
of the parent. This is well known to take place in the Aphi- 
didae or green-fly Insects, whose rapid increase in numbers is 
such a plague to the farmer and gardener. These and some other 
cases are, however, exceptional, and only emphasise the fact that 
Insects are pre-eminently oviparous. I^eydig, indeed, has found 
in the siime Aphis, and even in the same ovary, an egg-tube 
jiroducing eggs while a neighbouring tube is producing vivi- 
parous individuals.^ In the Diptera pupipara the young are 
' Jcta» Ac, German, .xxxiii. 1867, No. 2, p. 81. 
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produced one at a time, and are born in the pupal stage of their 
development, the earlier larval state .being undergone in the 
body of the parent : thus a single large egg is laid, which ia 
really a pupa. 

The eggs are usually of rather large size in comparison with 
the parent, and are produced in numbers varying according to 
the species from a few — 15 or even less in some fossorial 
Hymenoptera — ^to many thousands in the social Insects : some- 
where between 50 and 100 may perhajis be taken as an 
average number for one female to produca The whole number 
is frequently deposited with rapidity, and the parent then dies 
at once. Some of the migratory locusts are known to deposit 
batches of eggs after considerable intervals of time and change 
of locality. The social Insects present extraordinary anomalies 
as to the production of the eggs and the prolongation of the life 
of the female parent, who is in such cases called a queen. 

The living matter contained in the egg of an Insect is 
protected by three external coats ; (1) a delicate interior oolemm ; 

(2) a stronger, usixally shell-like, covering 
called the chorion ; (3) a layer of inaterial 
added to the exterior of the egg from 
glands, at or near the time when it is 
deposited, and of very various character, 
sometimes forming a coat on each egg 
and sometimes a common covering or 
capsule for a number of eggs. The egg- 
shell proper, or chorion, is frequently 
covered in whole or part with a comple.v 
pylor Mp'ect of ejsg of minute sculpture, of a symmetrical char- 
acter, and in some cases this is very 
highly developed, forming an ornamenta- 
tion of much delicacy ; hence some Insects’ eggs are objects of 
admirable appearance, though the microscope is of course necessary 
to reveal their charms. One of the families of butterflies, the 
Lycaenidae, is remarkable for the complex forms displayed by the 
ornamentation of the chorion (see Fig. 78, B). 

The egg-shell at one pole of the egg is perforated by one or 
more minute orifices for the admission to the interior of the 
spermatozoon, and it is the rule that the shell hereabouts is 
symmetrically sculptured (see Fig. 77), even when it is unorna- 



Fig. 77. — Upper or micro- 
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meiited elsewhere: the apertures in question are called iiiicro- 
pyles. They are souietinies protected by a inicropyle apparatus, 
consisting of raised processes, or j^orclies : these are developed 
to an extraordinary extent in some eggs, especially in those of 




Fio. 78. — Eggs of lu-- 
sects : A, blowHy 
(after Heiiking) ; B, 
butterfly, Theda 
(after Scmlder) ; C, 
Uemipteroii (Redu- 
viid). 


C 


Ileiniptera-lleteroptera (see Fig. 78, 0). Some of these peculiar 
structures have been described and figured by Leuckart.' The 
purpose they serve is quite obscure. 


Formation of Embryip. 

The mature, but unfertilised, egg is filled with matter that 
should ultimately become the future individual, and in the 
])rocess of attaining tliis end is tlie seat of a most remarkable 
series of changes, which in some Insects are passed through with 
extreme rapidity. The egg-contents consist of a comparatively 
structureless matrix of a protoplasmic nature and of yolk, both 
of whicli are distributed throughout the egg in an apja’oxiiiiately 
even manner. The yolk, however, is l)y no means of a simple 
nature, but consists, even in a single egg, of two or three kinds 
of spherular or granular constituents; and these vary much in their 
appearance and arrangement in the early stages of the develop- 
ment of an egg, the yolk of the siiuie egg being either of a homo- 
geneously granular nature, or consisting of granules and larger 
masses, as well as of particles of fatty matter ; these latter when 
seen through the microscope looking sometimes like shining, 
nearly colourless, globules. The nature of the matrix — which term 
we may apply to both the protoplasm and yolk as distinguished 
^ MulUds Arch, Amt, Phys, 1855, p. 90. 
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from the minute formative portions of the egg — and the changes 
that take place in it have been to -some extent studied, and 
Kowalewsky, Dohrn,^ Woodworth, ^ and others have given some 
particulars about them. The early changes in the formative 
parts of the mature egg have been observed by Henking in 
several Insects, and particularly in Pyrrhocoris, his observations 
being of considerable interest. When the egg is in the 
ovary and before it is quite mature, — at the time, in fact, 
when it is receiving nutriment from ovarian cells, — it contains 
a germinal 'vesicle including a germinal spot, but wlien the 
egg is mature the germinal vesicle has disappeared, and there 
exists in its place at one portion of the periphery of the egg* 
contents a cluster of minute bodies called chromosomes by Henking, 
whom we shall follow in briefly describing their changes. The 

group divides into two, each of 
which is arranged in a rod or 
spindle -like manner, and may 
then be called a directive rod* 
or spindle. The outer of tliese 
two groups travels quite to the 
periphery of the egg, and there 
with some adjm^ent matter is 
extruded quite outside the egg- 
contents (not outside the egg- 
coverings), l)eing in its aug- 
mented form called a polar or 
directive body. While this is 
going on the second directive 

Fio. 79.-Showing the two extmde<l i^lar gpjmile itself divides into two 
bodies Pi, P., now nearly lusea and re- * , . , . 

included, and the formation of the grOUpS, the OUter of whicll IS 

we have already described in 
the case of the first polar body, thus completing the extrusion of 
two directive bodies. The essential parts of the bodies that 
are successively formed during these processes are the aggregates, 
called chromosomes; the number of these chromosomes appears 
to be constant in each species ; their movements and dispositions 
are of a very interesting character, the systems they form in 

^ Zeitschr, wiss, Zool, xxvi. 1876, p. 116. 

* Scudder, Butterflies of Nciv England^ i. 1889, p. 99. 
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the course of their develojmieiit having polar and equatorial 
arrangeiiieiits. These we cannot furtlier allude to, but may 
mention that the extrusion of the directive lx)dies is only 
temporary, they l>eing agtiiii included within tlie periphery of the 
egg by the growth and extension of adjacent parts which meet 
over and thus enclose tlie bodies. 

The arrangements and movements we have briefly alluded to 
have l)een limited to the unfertilised condition of the egg (we 
should rather say, tlu*. fertilising element has taken no ])art in 
tliem), and have as tlieir result the union of the chromosomes 
existing after tlui extrusion of the two polar bodies, into a small 
body called the female pronucleus or egg-nucleus (Eikern), while 
the position of the movements has Ix^en an extremely minute 
portion of the egg near to its outer surhice or periphiuy. The 
introduction of a sperm, or male, element to the egg through 
the micropyle gives rise to the formation of another minute body 
phiced more in the interior of the egg, and called the sperm- 
nucleus. The egg- nucleus, travelling more into the interior of 
the I'gg, meets the sperm-nucleus ; the two amalgamate, forming 
a nucleus or body that goes through a series of changes resulting 
in its ilivision into two daughter-bodies. These two again divide, 
and l)y repetitions of such division a large numlM*r of nucku 
are formed which become arranged in a continuous manner so 
as to form an envtdope enclosing a considerable i)art (if not 
([uite the whole) of the egg-mass. This enveloi)e is called the 
blastoderm, and together with its contents will form tlie embryo. 
We must merely allude to the fact that it has been considered 
that some of the nuclei forming the blastoderm arise directly 
from the egg-mass Ijy a process of amalgamation, and if this 
prove to be correct it may be admitted that some portions of 
the embryo are not entirely the result of division or segmentation 
of combined germ and s])erm-nuclei. Wheeler states ^ that some 
of the nuclei formed by the first differentiation go to form the 
vitellophags scattered throughout the yolk. We should also 
remark that, according to Henking, the blastoderm when com- 
pleted shows at one part a thickening, immediately under 
which (Le, included in the area the Idastoclerm encloses) are the 
two polar bodies, which, as we have seen, were formed by the 
germinating l)ody at an earlier stage of its activity. Fig. 79 
' J, MorphoL viii. 1893, p. 81 ; s(*e also Graber’s table on p. 149. 
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represents a stage in the development of PyrrhocoriSy showing 
the interior of the egg after a body ha^ been formed by the union 
of tlie sperm and egg-nuclei; tliis body is about to undergo 
division or segmentation, and the eciuatorial arrangement where 
this will take place is seen. The two polar bodies 1*^, Pg, after 
having been excluded, are nearly reincluded in the egg. 


The Ventral Plate. 





FlO. 80. — Stages of tlie 
enclosure of the veil 


The next important change after the formation of the blastoderm 
is the partial detachment of a j)art of its periphery to become 
phiced in the interior of the other and larger 
portion. The way in which this takes place 
will be gathered from the accompanying dia- 
grammatic figures taken from Graber : a 

thickened portion {a h) of the blastoderm 

becomes indrawn so as to leave a fold 
{c d) at each point of its withdrawal, and 
these folds afterwards grow and meet so as 
to enclose the thickened ])ortiou. The outer 
envelope, formed in part by the original 
blastoderm and in part by the new growth, 
is called the sero.sa(r/), the inner layer (7) of 
the conjoined new folds being termed the 

tral plate: A,. A, amnion: the part withdrawn to the interior 

ventral plate; B. c, , 1 i i • 

</, folds of the bias- and covcred by the serosa and amnion is 

toderni that fonii the (..d[ed the ventral plate, or germinal band 

amnion and serosa ; (Kenmtmf), and becomes developed into the 

future animal. The details of the withdrawal 

of the ventral plate to the interior are very 

different in the various Insects that have been in\ostigated. 

One of the earliest stages in the development is a differentia- 
tion of a portion of the ventral plate into layers from which 
the future parts of the organisation will be derived. This 
separation of endoderm from ectoderm takes place by a sort 
of invagination, analogous with that by which the ventral plate 
itself is formed. A longitudinal depression running along the 
middle of the ventral plate apjiears, and forms a groove or 
channel, which l)ecomes obliterated as to its outer face by the 
meeting together of the tw^o margins of the groove (except on the 
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anterior part, which remains open). The more internal layer of 
the periphery of this closed canal is the origin of tlie endo- 
derm and its derivatives. Subsequently the ventral plate and 
its derivatives grow so as to form the ventral .])art and 
the internal organs of the Insect, the dorsiil part being com- 
pleted much later by growths that differ mucli in different 
Insects ; Graber, who has specially investigated this matter, 
informing us ^ that an astonishing multifariousness is displayed. 
It would appear that the various modes of this development 
do not coincide with the divisions into Orders and Families 
adopted by any systematists. 

We should oljserve that the terms ectfalerm, mesoderm, and 
endoderm will prol)ably be. no longer applied to the layers of the 
embryo when embryologists shall have (l(H.a(l(Hl as to the nature 
of tlie derived layers, and shall have agreed as to iiames for 
tliem. According to the nomenclature of (Jraber“ the Idasto- 
derm differentia ti^s into Ectoblast and Endoblast; this latter 
undeigoing a further differentiation into Coeloblast and Myoblast. 
This talented embryologist gives the following table of the 
relations of the embryonic layers and their nomenclature, the 
first term of each group being the one lie proposed to use : — 


/Periblast 

(Epiblast,\. 

blastoderm). 

‘‘Centroblast 
(Yolk-cells, hypo- 
blast, endo(lerm 
in part of Bal- 
four). 


Protoblast.c 


-Ectobla-st 
(Ectoderm, outer 
layer). 


'‘Endoblast 
or Hypoblast^ 
inner layer, 
(Mesobbist of Bal- 
four.) 

Mesoilerm and endo- 
derm. 



Part of yolk cells. 

Coeloblast 

(Endoderm in nar- 
rower sen.se). 

Du rmdrasenblutt. 

Myoblast (Meso- 
derm of most 
authors). D:irm- 
maskdblait. 


Nussbaum considers^ that “there are four layers in the cock- 
roach-embryo, viz. (1) epihlast, from which the integument and 
nervous system are developed ; (2) somatic layer of mrsohlast, 
mainly converted into the muscles of the body- wall; (a) splanchnic 
layer of ^nesoUast, yielding the muscular coat of the alimentary 
canal ; and (4) hypoblast, yielding the epithelium of the mesen- 
teron/* 

Tnrning our attention to the origin of the segmentation, that 
is so marked a feature of Insect structure, we find tliat evidence 

^ Deiik, Ah Wien, Iv. 1888, p. 109, etc. * Morph, Jahrb, xiv. 1888, p. 347. 

® In Miall and Denny, Cockroach, p. 188. 
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of division or arrangement of the body into segments appears 
very early, as shown in our Figure of soine of the early stages 
of development of Lina (a teetle), Fig* 81. In A the segmeii- 
tation of the ectoderm has not commenced, but the procephalic 
lobes (P (?) are seen ; in B the three head segments are distinct, 
while in C the thoracic segmentation has occurred, and tluit 
of the abdomen has commenced. Graber considers that in this 
species the abdomen consists of ten segmental lobes, and a 
terminal piece or telson. According to Graber^ this is not a 
primitive condition, but is preceded by a division into three or 



Fia. 81. — Early stages of the segmentation of a beetle {Lina ) ; A, segmentation not visible, 
1 day ; B, segmentation of head visible ; C, segmentation still more advanced, 2^ 
days ; PC, procephalic lobes ; g\ segments bearing appendages of the head ; 
th^ thorax ; segments of the thorax ; anterior abdominal. 

four parts, corresponding with the divisions tiint will afterwards 
1)6 head, thorax, and alsloiucn. This primary segmentation, he 
says, takes place in the Hy^joblast (End«xlerm) layer of the ventral 
plate ; this layer being, in an early stage of the development of 
a common grasshopper {Stenobothrus variabilis), divided into 
four sections, two of which go to form the head, while the others 
become thorax and abdomen respectively. In Lina the primary 
segmentation is, Graber says, into three instead of four parts. 
Graber’s opinion on the primary segmentation does not appear 
to be generally accepted, and Wheeler, who has studied the 
' Morph, Jahrb, xiv. 1888, p. 345. * /. Morphol, viii. 1893, p. 1. 
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embryology of another Orthopteroii, considers it will prove 
to be incorrect. When the secondary segmentation occurs the 
anterior of the two cephalic divisions remains intact, while the 
second divides into the three parts that al'terwards bear the 
mouth parts as appendages. The thoracic mass sul)se(piently 
segments into three parts, and still later the hind part of the 
ventral plate undergoes a similar dillerentiation so as to foi iu the 
abdominal segments; wliat the exfict number of these may be 
is, however, by no means easy to decide, the division being but 
vague, especially posteriorly, and not occurring all at once, but 
progressing from before backwards. 

The investigations that have been made in reference to the 
segmentation of the ventral plate do not at present justify us 
ill asserting that all Insects are formed from the same number 
of embryonic segments. The matter is summarised l)y Lowne, to 
the effect that posterior to the proc*e]>halic lobes there, are three 
h(?ad segments and threes thoracic segments, and a numlxu’ of 
al)domiual s(?gments, rarely less than nine or more than eleven.*' 
It will bo seen by referring to Figure 81 that the segmentation 
appears, not simultaneously, but 
progressively from the head back- 
wards ; tliis of course greatly in- 
creases the difficulty of iletermin- p 
ing by means of a section the real 
number of segments. 

The later stages in the develop- 
ment of Insects are already proveil 
to l)e so various that it would be 
iini)ossible to attempt to follow 
them in detail; but in Fig. 82 
we represent a median section 



of the emliryo of Zyyaena 
dula at the fifth day. It shows 
well some of the more imix)rtant 
of the general features of the de- 
velopment at a stage subsequent to 
those represented in Fig. 81, A, B, 
C. The very distinct stomodaeum 


Fi«. 82. — Embryo cf a moth (Zygaena) 
at the fifth day (after ilral)er) ; am, 
amnion ; a, serosa ; 2 >, procephalh: 
loijes ; at^ stomodaeum ; proeto- 
daeuin ; r/*, the mouth parts 

or head appendages ; th}^ th\ th\ 
appendages of the thoracic segments ; 

abdominal segments ; s.y, sali. 
vary gland. 


{st) and proctodaeum {j)r) are seen as inflexions of the external 
wall of the body ; the segmentation and the development of the 
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ventral parts of the embryo are well advanced, while the dorsal 
part of the embryo is still quite incomplete: 

The method of investigation by which embryologists chiefly 
carry on their researches is that of dividing the egg after 
proper preparation, into a large number of thin sections, which 
are afterwards examined in detail, so as to allow the arrange- 
ment to be completely inferred and descril^ed. Valuable as this 
method is, it is nevertheless clear that it should, if possible, 
be supplemented by direct observation of the processes as they 
take i)lace in the living egg: this method was formerly used, 
and l)y its aid we may still hope to obtain exact knowledge 
as to the arrangements and rearrangements of particles by 
which the structures develo]). Such questions as whether the 
whole formative power in the egg is absolutely confined to 
one or two small (fentres to whii*li the whole of the other egg 
contents are merely, as it were, passive aecessorit^s, or whether an 
egg is a combination in which some portion of the ])owers of 
rearrangement is possessed by other pfirticles, as well as the 
chromosomes, in virtue of their own nature or of their position 
at an early period in the whole, can scarcely bo settled without 
the aid of direct ol)servation of the ])rocesses during life. 

The importance of the yolk is recogiiiseil by most of the 
recent writers. Nussbaum states (he. cit) that “scattered yolk- 
cells associate themselves with the mesoblast cells, so that the 
constituents of the mesoblast have a twofold origin.” Wheeler 
finds ^ that amoeboid cells — he styles them vitellophags — 
traverse the yolk ami assist in its rearrangement ; he insists on 
the importance both as regards quantity and quality of the yolk. 

The eggs of some insects are fairly transjmrent, and the 
process of development in them can, to a certain extent, be 
observed by simple inspection with the microscope; a method 
that was used by Weismann in his observations on the embry- 
ology of Ch ironom us. There is a moth (Limacodes testxulo), that 
has no objection to depositing its eggs on glass microscope-slides. 
These eggs are about a millimetre long, somewhat more than half 
that width, are very flat, and the egg-shell or chorion is very thin 
and perfectly transparent. When first laid the contents of this 
egg appear nearly homogeneous and evenly distributed, a finely 
granular appearance being presented throughout ; but in twenty- 
* J. Morphol. viii. 1893, pp. 64, 65, and 81. 
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four hours a great change is found to liave taken place. The 
whole superficial contents of the egg are at that time arranged in 
groups, having the appearance of se])arate rounded or oval masses, 
pressed together so as to destroy much of their globular symmetry. 
The egg contents are also divided into very distinct forms, a 
granular matter, and a large numher of transi)arent globules, 
these latter being the fiitty })ortion of the yolk ; tliese are present 
everywhere, though in the centre there is a space where tlu‘y are 
very scanty, and they also do nf)t exteml (|uite to the circum- 
ference. But the most remai*kable change th.'it h.as taken jdace 
is the appearance in the middle of the field of an area different 
from the rest in several particidars; it 
occupies about one-third of the width 
and one-third of the length ; it has a . 
whiter and more opacpie a]>])earance, // 
and the fat globules in it are fewer in /' 
number and more indistinct. This [ ' 
area is afterwards seen to be occupied I J 
l»y the developing emlayo, the outlines I'v 

of wh?ch become gradually more dis- i ' 

tinct. Fig. 80 gives an idea of the ^ 
appearance of the egg al»out the middle 
])eriod of the development. In warm V 

weather the larva emerges from this - 

egg ten or eleven days after it has 
been deposited. - 

Tlie periml occupied by the develop- mS'if «f 

nieiit of the embryo is very different in tiie development of the em- 
the various kinds of Insects; the blowfly 
embryo is fully develoi)ed in less than 

twenty-four hours, while in some of the Orthoptera the embryonic; 
stage may be prolonged through several months. Ac‘(;ording to 
Woodworth the blastoderm in Vanessa antiopa is comjdcto in 
twenty -four hours after the deposition of the egg, and the 
involution of the ventral plato is accomplished within three days 
of deposition. 

Metamorphosis. 


■ V7< ': 


tlie development of the eni- 
l»ryo ; B, iiiini-opyle-s and «iir- 
rouuding eculpture of chorion. 


The ontogeny, or life history of the individual, of Insects is 
peculiar, inasmuch as a very large part of the development takes 
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place only late in life and after growth has been completed. Insects 
leave the egg in a certain form, and in that* condition they con- 
tinue — with, however, a greater or less amount of change according 
to kind — till growth is completed, when, in many cases, a very great 
change of form takes place. Post-embryonic development, or 
change of form of this kind, is called metamorphosis. It is not a 
phenomenon i)eculiar to Insects, but exists to a greater or less 
extent in other groups of the Metazoa; while simpler post- 
embryonic development occurs in nearly all, as in scarcely any 
complex animals are all the organs completely formed at the time 
the individual becomes possessed of a separate existence. In 
many animals other than Insects the post-embryonic (le^'elopment 
assumes most remarkable and complex forms, though there are 
perhaps none in which the ]>henonienon is very similar to the 
metamorphosis of Insects, The essential features of metamor- 
phosis, as exhibited in the great class we are writing of, appear 
to be the separation in time of growth and development, and the 
limitation of the reproductive pr(K!ess(»s to a short period at tlie 
end of the individual life. The peculiar phenomcma of tlio i)ost- 
embryonic development of tlie wliite ants show that there exists 
some remarkable correlation Initween the condition of the repro- 
ductive organs and the development of the other parts of tlu*. 
organisation. If we take it that the post-eml)ryonic pliysio- 
logical processes of any individual Inset? t are of three kinds, 
— ^growth, development, and reproduction, — then we may say 
that in the higher Insects these three processes are almost 
completely separated, and go on consecutively, the order being, — 
first, growth ; second, development ; third, reproduction. While, 
if we complete the view by including the processes comprised in 
tlie formation of the egg and the development therein, the series 
will be — (1) oogenesis, or egg-growth; (2) development (embry- 
onic); (3) growth (post-embryonic); (4) development (post- 
embryonic); (5) reproduction. 

The metamorphosis of Insects is one of the most interesting 
parts of entomology. It is, however, as yet'' very little known 
from a scientific point of view, although the simpler of its 
external characters have for many ages past attracted the 
attention and elicited the admiration of lovers of nature. It 
may seem incorrect to say that little is yet known scientifically 
of a phenomenon concerning which refei'ences almost innumer- 
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able are to be found in literature : nevertheless the observations 
that have been made as to metamorphosis, and the analysis that 
has been commenced of the tacts are at present little more than 
sufficient to show us how vast and comjdex is the subject, and 
how great are the difficulties it presents. 

There are three great fields of inquiry in regard to meta- 
morphosis, viz. (1) the external form at the different stages; 
(2) the internal organs and their changes; (3) the physiological 
processes. Of these only the first has yet received any extensive 
attention, though it is the third that precedes or underlies the 
other two, and is the most iinjiortant. We will say a few words 
about each of these dei)artnients of the inquiry. Taking first 
the external form — the instar. Ihit before turning to this we 
must point out that in limiting the inquiry to the post-embryonic 
development, we are making one of those limitations that give rise 
to much misconception, though they are necessary for the acquisi- 
tion of knowledge as to any com]>lex set of phenomena. If we 
assume five well-marked stages as constituting the life of an Insect 
with extreme metamorphosis, viz. (1) the formation and growth of 
the eg|j; (2) the changes in the egg culminating in its hatcliing 
after fertilisation ; (3) the period of growth ; (4) the pupal 
changes ; (5) the life of the ])crfect Insect ; and if we limit our 
inquiry about development to the latter three, we are then 
shutting out of view' a great preliminary (piestion, viz. whether 
some Insects leave the egg in a different stage of (Itw'elopment to 
others, and we are consequently exposing ourselves to the risk 
of forgetting that some of the distinctions we observe in the 
subsequent metamorphosis may be conseciuential on difierences in 
the embryonic development. 

Instar and Stadium. 

Figs. 84 and 85 represent corresponding stages in the life 
of two different Insects, Fig. 84 showing a locust {Acridium), 
and Fig. 85 a white butterfly. In eacih A represents tlie 
newly-hatched individual ; B, the insect just befiire its perfect 
state ; C, the i)erfect or imago stage. On comparing the two sets 
of figures we see that the C stages correspond pretty well as 
regards the most important features (the position of the wings 
being unimportant), that the A stages are moderately different, 
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while the B .states are not to he recognised as equivalent condi- 
ti(»ns. 

Every Insect after leaving the egg undergoes during the 
])rocess of growth casting.s of the skin, each of which is called 



Fki. 84. — Locust 
{Arridium 
eijrininu) : A, 
newly liiitched ; 
B, just ante- 
cedent to last 
ecdysis ; C, per- 
fect Insect. 


a moult or ecdysis. Taking for our present purpose five as the 
number of ecdyses undergone by both the locust and butterfly, 
we may express the differences in tlie successions of change we 
portray in Figs. 84 and 85 by saying that previous to the 



Fig. 85.- 'Butterfly {Pierut): 

A, the newly hatclied 
young, or larva inagnitied ; 

B, pupa (natural size) just 
antecedent to last ecdysis ; 

C, perfect Insect. 


first ecdysis the two Insects are moderately dissimilar, that the 
locust undergoes a moderate change before reaching the fifth 
ecdysis, and undergoes another moderate change at this moult, thus 
reaching its perfect condition by a slight, rather gradual series of 
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alterations of form. On the other hand, the l)utterHy under- 
goes but little modification, remaining much in the condition 
shown by A, J'ig. 85, till the fourth, or j^enultimate, ecdysis, 
l)ut then suffers a complete chapge of form and condition, wliich 
apparently is only inferior to another astonishing change that 
takes place at the fifth or final moult. The cliief, though l)y no 
means the only, difference between the two series consists in the 
fact that the butterfly has interposed between the penultimate 
and the final ecdyses a completely quiescent lielpless condition, in 
which it is deprived of external organs of sense, locomotion, and 
nutrition ; wdiile in the locust there is no loss of these organs, and 
such quiescent period as exists is confined to a short ])erio<l just 
at the fifth ecdysis. The changes exhildted by the Initterfiy aiv 
called “ complete inetamorpliosis,” while this phenomenon in the 
locust is said to be ** incomplete.” The Insect with com])lete 
metamorphosis is in its early stage called a larva, and in tin* 
quiescent state a pupa. The adult state in both butterlly and 
locust is known as imago or perfect Insect. 

The most conspicuous of the differences between Insects with 
complete and those witli incomplete metamorphosis is, as we 
have remarked, tlui existence in the former of a pupa. I'la* 
])upal state is l)y no means similar in all the Insects tliat 
possess it. The most anomalous conditions in reganl to 
it occur in the Order Neuroptera. In some members of 
that Order — the Caddis-flics for instance — tlie i)Upa is at first 
quiescent, but liccomes active l)efore the last ecdysis; while in 
another division — the May-flies — the last ecdysis is not ])rcceded 
I)y a formed pupa, nor is there even a distinct ]mpal periorl, but 
the penultimate ecdysis is accompanied by a change of form to 
the winged condition, the final ecdysis l>eing merely a casting of 
the skin after the winged state has been assumed. In tla^ 
Odonata or Dragon-flies there is no pu])al stage, but tlie cliango 
of form occurring at the la.st ectlysis is very great. In those 
Insects wdiere the interval l^etween the last two moults is not 
accomi)anied by the creature^s pa&sing into a definite, (|uicscent 
pupa, the individual is fre«|uently called then a nympli ; liut the 
term iiymph has merely a distinctive meaning, and is not cai)al)le 
of accurate definition, owing to the variety of diflerent coiuliti(»ns 
covered by the wor<l. Eiiton, in <le.scril)ing this term as it is used 
for Ephemcridafy say.s, “Nymphs are young which lead an 
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active life, quitting the egg at a tolerably advanced stage of 
morphological development, and having the mouth-parts formed 
after the same main tyj)e of construction as those of the adult 
insect.” ' 

The intervals between the eedyses are called stadia, the first 
stadium l)eing the period between hatching and the first eedysis. 
Unfortmiately no term is in general use to express the form of 
the Insect at the various stadia ; entomologists say, “ the form 
assumed at the first moult,” and so on. To avoid this circum- 
locution it may be well to adopt a term suggested by Fischer,* 
and call the Insect as it appears at hatching the first instar, 
what it is as it emerges from the first eedysis the second instar, 
and so on ; in that case the pupa of a Lepidopteron that assumed 
that condition at the fifth eedysis would be the sixth iustar, and 
the butterfly itself would be the seventh instar. 

Various terms are used to express the differences that exist in 
the metamorphoses of Insects, and as these terms refer chiefly to 
the changes in the outer form, we will here mention them. As 
already stated, the locust is, in our own language, said to have an 
incomplete metamorphosis, the butterfly a complete one. The 
term Holometabola has 1)een proxKtsed fur Insects with complete 
metamorphosis, while the appellations Ametabola, Hemimetabola, 
Heterometabola, and Paurometabola have Iwen invented for 
the various forms of incomplete, or rather less complex, meta- 
morphosis. Some writers use the term Ametabola for Insects 
that are supposed to exhibit no change of external form after 
quitting the egg, the contrasted series of all other Insects being 
then called Metabola. Westwood and others use the word 
Homomoiqtha for Insects in which the condition on hatching 
more or less resembles that attained at the close of the develop- 
ment, and Heteromorjdia for those in which the form on 
emergence from the egg differs much from what it ultimately 
becomes. 


Hypermetamorphosis. ^ 

There are certain unusual changes to which the term 
hypermetamorphosis has 1)een applied; these \re can here only 
briefly allude to. 

‘ Trans, Linn. Soe., 2nd Series, “Zool." 1888, iii. p. 12. 

* Orthofftra tnrepata, 1853, p. 37. 
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Insects that have complete metamorphoses, and are not 
supplied with food by their parents or guardians, are provided 
during their larval life with special modifications of extremely 
various kinds to fit them for the period of life during which they 
are obtaining food and growing. Thus caterpillars possess numer- 
ous adaptations to fit them for the period during wliich they 
live on leaves, while maggots have modifications enabling them to 
live amongst decomposing flesh. Some larvae are greatly modified 
in this, adaptive way, and when the adaptations change greatly 
during the life of the larva, hypermetamorphosis is said to exist. 
As ail instance we may mention some beetle larvae that are born 
with legs by whose aid they can cling to a bee, and so get 



Fiu. 86.— Prepara- 
tory , stages of 
Sitaris htimer- 
(di»x 9, 10, 11, 

12, first, second, 
third, and fourth 
larval instars ; 

13, pupa. (After 
Lubbock and 
Fabre.) 


carried to its nest, where they will in future live on the stores 
of food the bee provides for its own young. In order that they 
may be accommodated to their totally different second circum- 
stances, they change their first form, losing their legs, and be- 
coming almost bladder-like creatures, fitted for floating on the 
honey without being injured by it. Such an occurrence has 
been described by Fabre ^ in the case of Sitaris h umernlis^ and 
his figures have been reproduced in Sir John Lubbock's book on 
the metamorphoses of Insects,* as well as in other works, yet they 
are of so much interest that we give them again, esjiecially as the 
subject is still only in its infancy ; we at present see no sufficient 
reason! for the later of these larval states. Little is, we believe, 
known as to the internal anatomy of the various instars in the.se 
curious cases. 

' Ann, Sci, Nat, Zool, Ser. iv. vol. vii. 1857, pi. 17. 


* Nature Series, 1874. 
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There are certain minute Hymenoptera that deposit their 
eggs inside the eggs of other Insects, where the beings hatched 
from the parasitic eggs sul^sequently undergo their development 
and growth, finding their sustenance in the yolk or embryo con- 
tained in the host-egg. It is evident that sucli a life is very 
anomalous as regards both food and the conditions for respira- 
tion, and we consequently find that these tiny egg-parasites go 
through a series of changes of form of a most remarkable 
character.^ It would appear that in these eases the embryonic 
and post-embryonic developments are not sei)arated in the same 
way as they are in other Insects. We are not aware that any 
term has yet been proposed for tliis very curious kind of Insect 
development, whicli, as pointed out l^y Brauer,“ is doubtless of a 
different nature from the liypermetamorphosis of Sitaris, 

Changes in Internal Organs. 

In relation to the ])ost-cmbryoiiic development of the internal 
organs of the l)ody there is but little exact generalisation to b(» 
made, the anatomical condition of these organs at the time of 
emergence from the egg having 1)een ascertained in but few 
Insects. AVe know that in Holometabolous Insects the internal 
anatomy differs profoundly in the larval and imaginal instars. 
As to Insects with more imperfect metamori)hosis very little 
information exists, but it ai)j)ears probable that in many no ex- 
tensive distinctions exist between the newly-hatched and the 
adult forms, except in the condition of the reprcKiuctive organs. 
Differences of minor importance doul)tless exist, but tliere is 
almost no information as to their extent, or as to the periods at 
wliich tlie changes occur ; so tliat we do not know to what 
extent they may be concentrated at the final ecdysis. In Insects 
with perfect metamorphosis the structures of tlie internal organs 
are, as we have Siiid, in many cases totally different in the larval 
and imaginal i)eriods of the life ; but these changes are far from 
being uniform in all Holometabola. The nervous system in 
some cases undergoes a great concentration of the ganglia, in 
others does not, and important distinctions exist in this respect 
even within the limits of a single Order, such as tlie Coleoptera. 

^ Sec Proctotrupidae subsequently. 

* Verh. ZooL-hiU Ckst, Wkn^ xix. 1869, p. 839. 
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Some Insects take the same kind of food throughout their lives, 
but many others change totally in this respect, and their organs 
for the prehension and digestion of food undergo a corre- 
sponding change. Butterflies suck food in the form of liquid 
juices from flowers by me<ins of a delicate and long ])roboscis, 
while the young butterfly — the caterpillar — disdains sw^eets, 
and consumes, by the assistance of powerful mandililes, a great 
bulk of leaves. Other Holometabola undergi) no such total change 
of habits; the tiger-lxictle, for instance, is as ferocious a con- 
sumer of the juices of Insects in its young stage as it is in the 
adult condition. Hence Brauer^ dividt‘s Insects, as regards this 
point, into tliree categories. The forms in which botli the, young 
and adult take food by suction he calls Menorhynclia ; those in 
which both the imago and immature forms feed by mandibles he 
calls Meiiognatha ; wdiile his Metagiiatha consists of those insects 
that take food by jaws when young, but by suction with tubular 
mouths when mature. Besides these main divisions there are 
some exceptional cases to which we need not here allude, our 
present object being to indicate that in the Metagiiatha the 
digestivf^ organs are of a very different nature in the young and 
in the adult states of existence. 

Tlie internnl organs bn- the continuance of the species are 
known to be present in a rudimentary stage in the eniliryo, and 
it is a rule that tliey do not attain their full development until 
growth has been completed ; to this rule tliere may possibly l)e 
an exception in the case of the Ajitera. But little information 
of a comparative (jharacter exists as to the dorsal vessel and the 
changes it undergoes during metamorpliosis. There is con- 
siderable difficulty in connexion with the examination of this 
structure, but it appears probable that it is one of tlie organs 
that changes the least during the process of metamorphosis. 

The exact nature of the internal changes that occur during 
metamorphosis is almost a modern subject. It is of course a 
matter of great difficulty to observe and record changes tliat go 
on in the interior of such small creatures as Insects, and when 
the phenomena occur with great rapidity, as is fre(iuently the 
case iif Insect metamorphosis, the difficulty is much increaserl. 
Nevertheless the subject is of such great interest that it has been 
investigated with a skill and perseverance that call for the 

I “Syst Zool. Stud." SB, Ak. Wien, Abth. 1, xci. 1885, p. 291. 
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highest admiration. The greater jmrt of the information ob- 
tained refers to a single Insect, the blowfly ; and amongst those 
who have made important contributions to it we may mention 
Weismann/ Viallanes,^ Ganin,® and Van Eces,** and it is at pre- 
sent under investigation by Lowne. A good deal, too, is becoming 
known about the processes in the ease of the silkworm. 

Integument and Ecdysis. 

The integument consists of a cellular layer, usually called the 
liypodermis, situated on a basement membrane. The hypo- 
dermis, or layer of chitinogenous cells, excretes a matter which 
remains attached to the b(xly, forming the hard outer layer of the 
skin. This layer consists of chitin and has no vitality, but 
its presence no doubt exerts a very important influence on the 
physiological processes of the Insect. The chitinous investment 
varies much in thickness and in other properties; in some 
Insects it is hard, evcjii glassy, so as to be diflicult to pierce with 
a pin, in others it is pliable, and in some very delicate. Chitin 
is a substance very diflicult to investigate ; according to the 
recent researches of Krawkow ® it may prove to be of somewhat 
variable chemical composition. 

After a time the hypodermis excretes a fresh supply of 
chitin, and, possibly by the commencement of this process, the 
older chitinous investment becomes separated and is shed. The 
details liave, however, not been ascertained, though their import- 
ance lias been suggested by Hatchett Jackson.*^ The newdy 
exposed layer of integument is pallid, but afterwards becomes 
coloured in a manner varying acconling to the species, the process 
being possibly due to some secondary exudation permeating the 
freshly exposed chitin, or modifying some part of its exterior. 

Lowne informs us that in the imago of the blowfly the great 
majority of the hypodermic cells themselves enter into the com- 
position of the chitinf)us integument; and it is perhaps not a 
matter for surprise that the cells should die on the completion of 
their functional activity, and should form a part of the chitinous 

^ Zeitsehr, wiss, ZooL xiv. 1864, p. 187. 

® Viallanes, Amu Set Series 6, “Zool.” xiv. 1882, 

Unfortunately in the Russian language. * Zool. Jahrh. Abth. Anat. iii. 1888, p. 1. 

® Zeitsrhr, Biol., xxix. 1892, p, 177. 

Trans. Linn, Soc. London. “Zoology,” 2nd series, v. 1890, p. 174. 
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investment. Some writers say that the cliitinons layer may he 
shown to be covered by a delicate extima or outer coat. 

The number of ecdyses varies greatly in Insects, but lias been 
definitely ascertained in only a few forms outside the Order 
Lepidoptera. In Camjjodm (irassi says there is a single Irag- 
mentary moult, and in many Hymenoptera the skin that is cast 
is extremely deliciite, and the process perhaps only occurs twice 
or three times previous to the pupal stage. In most Insiicts, 
however, ecdysis is a much more important affair, and the whole 
of the chitinous integument is cast off entire, even the linings of 
the tracheae, and of the alimentary canal and its adjuiurts ludng 
]»arted with. Sir John Lubboc^k observed twenty-three moults 
in a May-fly of the genus CloHon} this being the maxiihum yet 
recorded, though Sommer states- that in Macrotoma 
moulting goes on as long as life lasts, even after the Insect has 
attained its full size. 

Some Insects get quit of a consideralde quantity of mat tin* by 
their ecdyses, while in others the amount is comparatively slight. 
It has been thought that the moulting is effected in order to 
permit ?)f increase of size of the Insect, but there are fjKjts which 
point to the conclusion that this is only a factor of secondary 
importance in the matter. One of these is that many Insects 
make their first ecdysis almost immeiliately after they leave the 
egg ; this is the case with the young larva of the blowfly, which, 
according to Lowne, moults within two hours of its emergence 
from the egg. We have already referred to the important sug- 
gestion made by Eisig’^ that, since chitin is a nitrogenous sub- 
stance, the ecdyses may be a means of getting rid of waste 
nitrogenous matter ; to which we. have added that as chitin also 
consists largely of carbon, its excretion may be of importance 
in separating carbonaceous products from the blood. 


Metamorphosis of Blowfly. 

The phenomena of metamorphosis are displayed to their 
greatest extent in the transformations and physiological processes 
of the Muscid Dijjtera, of which the common Idowfly is an 

^ Trans, Linn, Soe, xxv. 1866, p. 491. ^ Zeitsekr. 7viss, Zoof. xli. 1S8.5, p. 712. 

* ** Fauna und Flora d. Golfcs von Ncapel,” Die CapUdlUltUt 1887, p. 781. 
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example. We will briefly consider the information that has been 
obtained on this subject. 

The development of the embryo in the egg of the blowfly is 
unusually rapid, occui)ying only a period of twenty to twenty- 
four hours. After its first moult the blowfly larva grows rapidly 
during a period of about ten to fourteen days, during which it 
undergoes moults, the number of which appears not to be 
definitely ascertained. After becoming full-fed the larva loses 
its {ictive state, and passes for a period into a condition of com- 
parative quiescence, being sjKjken of in this state as a resting 
larva. This quiet period occurs in most full-grown larvae, and 
is remarkable for the groat variation that may occur in its 
duration, it being in many Insects subject to prolongation for 
months, in some cases possibly even for years, though in favour- 
able circumstances it may be very short. Lowne informs us that 
in the blowfly this period of the life is ocicupied by very great 
changes in the internal organs, which are undergoing very exten- 
sive processes of destruction and rebuilding. After some days 
the outer .skin of the resting larva shrivels, and is detached from 
the internal living sul3stances, round which it hardens and forms 
the sort of cocoon or capsule that is so well known. This 
using of the cast larval skin as a cocoon is, however, limited to 
certain of the two-winged flies, and pt^rliaps a few other Insects, 
and so must l)e consideretl an exceptional condition. The capsule 
conceals from view a most remarkable state, known t(j tlie old 
naturalist Ileaumur as the " spheroidal condition,” but called by 
more recent writers the pronymph. The pronymphal state 
may Ije looked on as being to a great extent a return of the 
animal to the condition of an egg, the creature becoming an 
accumulation of soft creamy matter enclosed in a delicate skin. 
This spheroidal condition, however, really begins in the resting 
larva, and Van Eees and others think that the delicate membrane 
enclosing the substance of the pronymph is really the hypodermis 
of the integunient of the larva. Although this seems probable, 
from the resemblance this condition would in that case present 
to the phenomena usual in eedysis, it is not generally admitted, 
and there is much difficulty in settling the point. Lowne is of 
a contrary opinion, looking on the limiting membrane as a sub- 
secpient formation; he calls it the paraderm. The process of 
forming the various organs goes on in the pronymph, till the 
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“ nymph ” has completed its development, the creature liaving 
then again taken on a definite form wliich appfirently corre- 
sponds to the pupa of Hymenoptera. Great doul)t, liowevor, 
exists as to this equivalence, and indeed tis to any exact corre- 
spondence between the metamorphic stadia of different Insects, 
a view which long since was expressed by Sir John Lubbock ^ 
and Packard. The term nymph is used in tliis case not because 
tliere is any resemblance to the condition similarly named in 
Insects with less complete metamorphosis, but because the term 
pu])a is applied to the outer case together with tlie contained 
nymph. The transformation of the nymph into the jwrfect blow- 
fly occupies a period very variable according to tlie tem])erature. 

Histolysis. — The processes by wliich tlie internal organs of 
the maggot are converted into those of the fly are of two kinds, 
— histolysis or breaking down, histogenesis or buihling up, of 
tissue. The intermediary agents in histolysis are phagocytes, 
cells similar to the leucocytes or white corpuscles of the blood : 
the intermediary agents in histogenesis are jxirtioiis of tissue 
existing in the larval state incoqiorated with the different organs, 
or preserving a (•onnexion therewith even when they are to a 
great extent separated therefrom. In this latter C4ise they are 
called imaginal discs, though Professor Miall prefers to term them 
imaginal folds.*^ The two processes of histolysis and histogenesis, 
though to some extent mutually dejiendent (for the material to be 
built up has to be largely obtained by ])revious destruction), do not 
go onjpttri j[?ass//,though they are to a great extent contemporaneous. 
In the resting larva histolysis is predominant, while in the nymph 
histogenesis is more extensive. Microscopic observation shows 
that the phenomena connected with the histolysis of the mus- 
cular tissue are scarcely distinguishable frojii those of an inflam- 
matory process, and Viallanes^ dilates on this fact in an instruc- 
tive manner. The phagixiytes attach themselves to, or enter, the 
tissues which are to l^e disintegrated, and liecoming distemhid, 
assume a granular appctirance. lly this pseudo-inflammatory ])ro- 
cess the larval structures are broken down into a creamy suljstance ; 
the buds, or germs, from which the new organs are to l)e devel- 
oped being exempt from the destruction. These buds, of which 
about sixty or upwards have already been detected, undergo 

^ TraiiB. Linn, Soc, xxiv. 1863, p. 65. ® Tram, Linn, Soc, “Zool.** v. 1892, p. 267. 

* Ann, Sci, Nat,^ Scries 6, “Zool.” xiv. 1882, p. 150. 
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growth as they are liberated, and so the new creature is formed, 
the process of growth iu certain parts going on while destruc- 
tion is being accomplished iu othei’S. Considerable discrepancy 
jirevails as to the extent to which the disintegration of some 
of tile tissues is carried. 

According to Kowalevsky^ it would appear that after the 
phagocytes have become loaded with granules they serve as 
nutriment for the growing tissues, and he tliinks they become 
blood-cells in the imago. The process of liistolysis has been 



Fia. 87. — Iiiiagiiittl discs of Muscidm in prot^ess of development : A, Brain and 
ventral ganglion of a larva 7 mni. long of M, xmnitoria\ Vy ventral ganglion; 
Cy cephalic ganglion ; /i, head nidimeut ; w, ])ortion of ventral chain ; 
])rothoracic rudiment ; rcs, third nerve ; indy mesothoracic rudiment : B, meso- 
thoracic nulinient, more advanced, in a pupa just foniied of Stircophaga carnaruiy 
showing the base of the sternum and folds of the forming leg, the central part (/} 
representing the foot : C, the rudimentary leg of the same more advanced ;/, femur ; 
U tibia ; /|, /g, tarsal joints : D, two discs from a larva 20 mm. long of Sarcophaguy 
atta(died to tracheae ; msWy mesonotal and wing-rudiment ; nity inetathoracic rudi- 
ment : E, Ty mesothoracic rudiment of a 7 niiu. long larva attached to a tracheal 
twig. (After Weismann and Graber.) 

chiefly studied in the blowfly, and not much is known of it in 
other Insects, yet it occurs to a considerable extent, according to 
Bugnion* and others, in the metamorphosis of Lepidoptera. 
Indeed it would almost seem that tlie processes of histolysis 
and histogenesis may lie looked on as exaggerated forms of the 
phenomena of the ordinary life of tissues, due to greater rapidity 
and discontinuity of tissue nutrition. 

^ Zool. Anz, viii. 188.5, p, 125. 


* Mitt, Schweiz, ent, Ges. viii. 1893, p. 403. 
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Imaginal Discs. — The imagiiial discs are ])ortions of tlie 
larval hypoderm, detache<i from continuity witli the main body 
of the integument, but connected therewith by strings or j>edicels 
which may be looked on as portions of tlie basement numiln-ane. 
Whether these discs, or liistoblasts as they are called by Kiinckel 
d’Herculais,^ are distinguished by any important character from 
other buds or portions of regenerative tissue that, according to 
Kowalevsky,^ Korschelt and Heider,^ and others, (>xist in other 
parts of the body, does not ap])ear to 1)0 at prc\sent ascertained. 

We give some figures, taken from Widsmanii ami (Iraber, of 


the imaginal rudiments existing in the 
larvae of Mus(‘Adae. Although by no means 
good, they are tlui l)est for our purpose 
we am offer to the reader. Other figurt\s 
will be found in Lowne’s work on the 
l)lowfly now in course of publication. 
Weismann’s paper ^ is now thirty yeai*a old, 
and, when it was written, Iu 5 was not aware 
of the'jintimate connexion the rudiments 
have with the integument ; this has, how- 
ever, now been demonstrated by several 
observers. Pratt states ^ that the formation 
of the imaginal discs in Melophafjus ovinus 
takes plac^ in the later stages of the em- 
bryonic. development, and after the manner 
formerly suggesUnl by Balfour, viz. invagin- 
ation of the ectoderm. 

Both the regenerative buds and the 
rudimentary sexual glands are known to be 
derived directly from the eml)ryo; neither 



of them undergoes any histolysis, so that Fio. 88. — McMiiaii lonpi- 
we have in tliem embryonic structures 

which exist in a quiescent condition during the procesH <if histo- 
the iMjriod in which the larva is growing Expianiuou u 
wdth great rapidity, and which when the 
larva has attained its full growth and is disintegrating, then 


’ Jtecherches Org, dea VolucdUa^ 1875, p. 143. 

® Zeitschr, v^iaa, Zool, xlv. 1887, p. 587. 

® LrJirhvjch EMwicklimgageachichte, Spoc. Th«il. 1890, p. 875. 

* Zeifaehr, wisa. Zool, xiv. 1864, p. 187. ^ Arch, f. Naturges. lix. 1893, 1, p. 168. 
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appropriate the products of the disintegration so as to produce 
the perfect fly. 

Our Fig. 88, taken from Graber, represents a longitudinal 
median section of a full-grown larva of Musca, in which the 
processes of metamorphosis are taking place. The position of 
some of the more important imaginal rudiments is shown by it : 

ft®, rudiments of the three pairs of legs of the imago ; an, of 
antennae ; between an and w, rudiment of eye ; w, of wings ; h, of 
halteres ; /, fat-body ; d, middle of alimentary canal ; n, ventral 
chain ; st, stigma ; 6, 7, sixth and seventh body segments. 

Physiology of Metamorphosis. 

Many years ago, Harvey i)erceived the probable existence of 
a physiological continuity between the earlier and later stages 
of the Insect's life. Modern investigation has shown that in the 
blowfly a remarkable analogy exists l)etween the conditions of 
the pupa and the egg. The outer shell of the pupa corresponds 
to tlie chorion or egg-shell, and the delicate outer membrane of 
the pronymph to the oolemn or lining membrane of tlie egg ; the 
creamy matter corresponds with the yolk, and the regenerative 
buds are analogous to the formative portions of the developing 
egg. The process of histolysis as carried out by the phagocytes 
of the later life appears also to find a parallel in the vitellophags 
of the embryonic life.^ It ap|)ear8 probable that the pliysio- 
logical processes of the post -embryonic metamorphosis may be 
essentially a repetition — or an interrupted continuation — of 
those of the embryonic period. 

The inquiry as to what are the determining causes of tlie 
rnetamorphic clianges of the blowfly and other Insects has as 
yet but little advanced. Why does the larva grow up to a 
certain period with great rapidity, then cease its appropriating 
power and brciik up the parts that have been so rapidly and 
recently formed I And why do the imaginal buds remain 
quiescent till the other tissues are *l)eing disintegrated, and 
then, instead of sharing tlie general condition of disintegra- 
tion, commence a career of development ? To these questions mi 
s^itisfactory answer has yet been given, though the remarkable 
studies, already referred to, of Bataillon on the later larval life 
' AVlieeler, in J. MorphoL viii. 1893, p. 81. 
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of the silkworm suggest the direction in which knowledge may 
be found, for they show that tlie physiologiwil conditions of the 
later larval life are different from those of tlie earlier life, possibly 
as the direct result of the mere aggregation of matter, and tlie 
consequent different relations of the parts of the organism to 
atmospheric and aqueous conditions. 

If we wish to understand metamorphosis, we must supplement 
the old opinion that eedysis is merely an occurrence to fiicilitate 
expansion, by the more modern conception that it is also an 
important physiological pnxiess. That shedding the skin is done 
solely to permit of enlargement of size is a view rendered unten- 
able by many considerations. The integument can increase and 
stretch to an enormous extent without the aid of moulting ; wit- 
ness the queen-termite, and the honey-1 learers of tlie MyrmevM- 
eystus ants. Many moults are made Avhen increase of size does 
not demand them, and the shedding of the skin at the time of 
pupation is Jiccompanied by a decreasi* in size. And if moulting 
be merely connected with increase of size, it is impossilile to see 
why Cj^oeofi should require two dozen moults, while Campodea 
can do with one, or why a collembolon should go on moulting 
during the period of life subsequent to the cessation of growth. 

The attention of entomologists has been chiefly directed to 
the ecdyst".8 connected with the disclosure of the jiupal and 
imaginal instars. Various important transformations may, liow- 
ever, occur previous to this, and when they do so it is always 
in connexion with eedyses. Caterpillars frequently assume a 
diflerent appearance and change their habits or cbnracter at a 
particular eedysis; and in Orthoptera each eedysis is accom- 
panied by a change of form of the thoracic sisgments; this 
change is veiy considerable at one of the intermediate eedyses. 

The assunqitioii of the pupa state is the concomitant of an 
eedysis, and so also is the appearance of tlie imago; but the 
commencement of each of these two stages precedes the eedysis, 
which is merely the outward mark of the physiological jiroeesses. 
The eedysis by which the pupa is revealed occurs aft(?r the 
completion of growth and when great changes in the internal 
organs have occurred and are still taking place ; the eedysis hy 
which the imago appears comes after development has Ijeen cjuite 
or nearly completed. 

Although the existence of a pupa is to the eye tlie most 
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striking of the differences between Insects with perfect and those 
with imperfect metamorphosis, yet there is reason for supposing 
that the pupa and the pupal period are really of less importance 
than they at first sight appear to be. In Fig. 85 we showed 
how great is the difference in appefiraiice between the pupa and 
the imago. The condition that precedes the appearance of the 
pupa is, however, really the period of the most important change. 
In Fig. 89 we represent the larva and piijm of a bee; it will be 
seen that the difference l)etween the two forms is very great, 
while the further change that will Ije required to complete 
the perfect Insect is but slight. When the last skin of the 



8 c 

Fiu. 89. — Larva and pupa of a bee, Xylocopa violacea: A, larva; B, pupa, ventral 
aspect ; C, pupa, dorsal aspect. (After Lucas. ) 

larva of a bee or of a beetle is thrown off, it is, in fact, the 
imago that is revealed ; the form thus displayed, though colour- 
less and soft, is that of the perfect Insect ; what remains to be 
done is a little shrinking of some parts and expansion of others, 
the development of the colour, the hardening of certain parts. 
The colour ai)i)cars quite gradually and in a regular course, 
the eyes l)eing usually the first parts to darken. After the 
coloration is more or less perfected — according to the species 
— a delicate pellicle is shed or rubbed off, and the bee or beetle 
assumes its final form, though usually it does not become active 
till after a farther period of repose. 
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CLASSmCATION ^TIIK NIN'E ORUERS OF IXSECTS — THEIR CHARACTERS 

RACKARD’s Al.-RANGEMENT — BUAUER’S CLASSIFICATION — 

CLASSIFICATIONS HASEU ON METAMORPHOSIS — SUPER-ORDERS 
THE SUBDIVISIONS OF ORDERS. 


Olassiflcation. 

We liijvc alrefuly alluded to the tact that Insects are the most 
numerous in s].)ecie8 and individuals of all land animals: it is 
estimated that about 250,000 sjiecies have been already described 
and have had scientific names given to them, and it is considered 
that this is proliably only about one-tenth of those that really 
exist. The classification in a wmiprehensiblc manner of such an 
enormous number of forms is, it will l>e readily understood, a 
matter of great difficulty. Several metlnsls or schemes have 
since the time of Linnaeus been devised for the jmrpose, but wt? 
shall not trouble the reader to consider them, because most of 
them have fallen into disuse and have only a historicid interest. 
Even at present there exists, however, considerable diversity of 
opinion on the question of classification, due in part to the fact 
that some naturalists take the structure of the perfect or adult 
Insect as the basis of their aiTangement, while others prefer to 
treat the 8te]»s or pnxjesses by wliich the structure is attained, as 
lieing of primary importance. To consider the relative values of 
these two methods would Ije lieyond our scope, but as in j)ractice 
a kno\jrledge of the structures themselves must precede an inquiry 
as to the jdiases of development by which the structures are reached; 
and us this latter kind of knowledge has Ijcen obtained in the 
case of a comparatively small portion of the known forms, — the 
embryology and metamorphosis liaviug Ijeen investigated in but 
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few Insects, — ^it is clear that a classification on the basis of 
structure is the only one that can be at pre^nt of practical value. 
We shall therefore for the ptu'poses of this work make use of an 
old and simple system, taking us of primary importance the nature 
of the organs of flight, and of the appendages for the introduction 
of food to the body by the perfect Insect. We do not attempt to 
disguise the fact that this method is open to most serious 
objections, but we believe that it is nevertheless at present the 
most simple and useful one, and is likely to remain such, at any 
rate as long as knowledge of development is in process of 
attainment. 


Orders. 

The great groujw of Insects are called Orders, and of 
these we recognise nine, viz. (1) Aptera, (2) Orthoptera, (3) 
Neuroptera, (4) Hymenoptera, (5) Ooleoptera, (6) Lepidoptera, 
(7) Diptera, (8) Thysanoptera, (9) Hcmiptera. These names are 
framed to represent the nature of the wings ; and there is some 
advantage in having the Orders named in a uniform and descriptive 
manner. The system we adopt diflfers but little from that 
proposed by Linnaeus.* The great Swedish naturalist did not, 
however, recognise the Orders Orthoptera and Thysjinoptera ; and 
his order Aptera was very different from ours. 

These Orders may be briefly defined as follows, — the reader 
being asked to recall the fact that by a mandibulate mouth we 
understand one in which the mandibles, or the maxillae, or 
both, are fitted for biting, crushing, or grasping food ; while the 
term suctorial implies that some of the mouth parts are of a 
tubular form or are protrusible as a proboscis, which assists, or 
protects, a more minute and delicate sucking apparatus : — 

1. i4|)(era(u without, irrc^i' a wing). Wingless ^ Insects ; mouth mandibulate 

or very imperfectly suctorial. Metamorphosis very little. 

2. Orthoftem (opBos straight, rrrtpov a wing). Four wings are present, the 

front pair being coriaceous (leather-like), usually smaller than the 
other pair, which are of more delicate texture, and contract in repose 
after the manner of a fan. Mouth mandibulate. Metamorphosis 
slight 

3. ' Neuroptera (vtvpov nerve, irnpov a wing). Four wings of membranous 

* Syet. Nat. Ed, 12, ref. i. para ii. p. 586 (by error, 856). 

’ It must not be supposed that all wingless Insects fall within the limits of this 
Order. 
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consistency, frequently with much network ; the front pair not much, 
if at fJl, harder than the other pair, the latter with but little or no 
fanlike action in closing. Mouth mandibulate. Metamorphosis 
variable, but rarely slight. 

4. Hymerwptera (I'p/v membrane, irrcpov a wing). Four wings of membranous 
consistency ; the front pair larger than the hind, which are always 
small and do not fold up in repose. Mouth mandibulate, sometimes 
provided also with a tubiiW proboscis. Metamorphosis very great. 

6, Cdeoptera (icoAeos sheath, vrepov a wing). Four wings ; the upper ])air 
shell-like in consistency, and forming cases which meet together 
over the back in an accurate line of union, so as to entirely lose a 
winglike appearance, and to conceal the delicate membranous hind 
pair. Mouth mandibulate. Metamorphosis great. 

6. Lepidoptera (Aciris scale, ittc/jov a wing). Four large wings covered with 

scales. Mouth suctorial. Metamorpho.sis great. 

7. Diptera (S& double, wrepov a wing). Two membranous wings. Mouth 

suctorial, but varying greatly. Metamorphosis very great. 

8. Thysanoptera {dva-avo^ fringe, Trrepov a wing). Four very narrow fringed 

wings. Mouth iinperlectly suctorial. IMetamorphosis slight. 

9. Hemiptera half, Trrepov a wing). Four wings ; the front pair either 

leather-like with more membranous apex, or entirely parchment-like 
or membranous. Mouth perfectly suctorial. Metamorphosis usually 
alight. 

We’inust again ask the reader to bear in niiiul that luiinerous 
exceptions exist to these charjicters in most of the great Orders ; 
for instance, wingless forms are not by any means rare in several 
of the Orders. 

Before remarking further on this system we will briefly 
sketch two other arrangements of the Orders of Insects, for which 
we are indebted to Packard and Brauer. 

Packard’s Olassiflcation. 

Packard has devoted much attention to the subject, and has 
published two or three successive schemes, of which the following 
is the most recent;' the definitions are those of the author 
liimself, but the information in brackets is given to institute a 
concordance with the system we adopt : — 

1. Thysanura. Wingless ; often with a spring (equivalent to our ApUra), 

2. D&rmaptera. Front wings minute, elytra-like ( = Forficuliflne^ a i>art of 

bur Orthoptera), 

3. Orthoptera, Wings net-veined ; fore wings narrow', hind w'iiigs folded 

( SS5 our Orthoptera after subtraction of JJermajdera). 

^ American Naturalist, xx. 1886, p. 808. 
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4. Platyptera. Four net-veined wings ; mouth parts adapted for biting 

( — Termitidae and Mallophaga^ 2 )arts of oui; Neuroptera), 

5. Odonata, Wings net -veined, e(xual ( = Odona^ a division of our 

Neuroptera). 

6. Plectoptera, Wings net- veined, unequal { = Ephemeridae, a pai't of our 

Neuroptera). 

7. Hiysanoptera. Mouth beaklike but with palpi ( » our Thymnoptera), 

8. H&miptera, Mouth i)art8 forming a beak for sucking. No jmlpi ( =» our 

Heiniptera). 

The above eight Orders form the group Amktabola, while tlie 
following eight constitute the Metabola : — 

9. Neuroptera, Wings net- veined ; metamorphosis complete ( = a small part 

of our Neuropteta). 

10. Mecaptera, Wings long and narrow (fora small part of our Neuroptera; 

tlie Panorpatae of Brauer). 

11. Trichoptera,, Wings not net-veined ( — our division of Neuroptera with 

the same name). 

1 2. Coleoptera. Fore wings sheathing the liinder ones ( « our CoUoptera). 

13. Siphonaptera. Wingless, parasitic. Flea ( = a division of Diptera). 

1 4. Diptera, . One pair of wings ( = our Diptera after subtraction of 

Hiptiomptera), 

1 5. Lepidoptera, Four wings (and body) scaled ( = our Lepidoptera), 

1 G. Hymenoptera, Four clear wings ; hinder pair small ; a tongue ( = our 
llymenoptera). 

Although this system of the Orders of Insects bus some 
valuable features it is open to very serious objections, to which we 
can only briefly allude. The Order Heiniptera with its extensive 
divisions, Heteroptera, Homoptera, Coccidae, and Anoplnra exhibit- 
ing great differences in structure and considerable divergence in 
metamorphosis, is treated as only equivalent to the little group 
Panorpatae (sciorpion-llies) ; these latter being considered a dis- 
tinct order, although they are not very different in structure or 
metamorphosis from the Orders he calls Neuroptera and Trichop- 
tera. The arrangement appears to be specially designed with 
the view of making the Orders adopted in it fall into the two 
groups Ametabola and Metabola. The propriety of such a 
coiu'se is more tliaii doubtful since very few of the Ametabola 
are really without metamorphosis, in the wide sense of that term, 
while the Metabola include Insects with various kinds of meta- 
morphosis. Indeed if we substitute for the term Ametabola the 
more correct expression, " Insects with little metamorphosis,” and 
for Metabola the definition, " Insects with more metamorphosis 
hut of various kinds,” we then recognise that the arrangement 
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is, like all others, a (piite artificial one, while it is of little 
value, owing to the development of so few Insects being hitherto 
fully ascertained. 


Brauer’s Olassiflcation. 

Professor Brauer has recently ])ro])osed ’ to adopt 1 7 Orders 
or chief groups of Insects, arranging them as follows ■ 

T. Apterygogenea (with one order). 

1. Synaptera { — Aptera of our system). 

TI. Pterygogenea ( = all the other Insects of our arrangement). 

2. Dennnptera ( = Orthoptera^ Fani. Forjlcnlidne in onr arrangement). 

3. Epkemendae ( = a division of Neuroptera in our {irrangeinenl). 

4. Odonata ( = a division of Neuroptera in our arrangoineiit). 

5. Plecopiera ( = Neuroptera^ Fam. Perlidae in our arrangement}. 

6. Orthoptera ( = our (Mhoptera - Forficululae and + Emhiidat), 

7. Corrodentia ( = tlie families TennitidaCy Psocidacy and Mallophatjay of 

our Neuroptera), 

8. Thymnoptera (as with us). 

9. Phynchota ( = Hemiptera with us). 

10. 'Neuroptera ( == tlie families Uewerohiidm and Sialidte of our Neuroptera), 

11. Panmpaiae ( = the family Panorpidae of our Neuroptera), 

12. Trichoptera (s«the division Triehoptera of Neuroptera), 

1 3. Lepidoptera ( = as with us). 

14. Diptera ( = our Diptera — Aphanijdera), 

1 5. Sipkonaptera ( ~ Aphanrpteray a division of Diptera with us). 

16. Coleoptera ( = Coleoptera), 

17. Uymenoptera (as with us). 

The chief characters on which Brauer bases his system are : 
(1) The existence or absence of wings. (2) Tlie condition of the 
mouth, and whether it undergoes radical changes in the ontogcuiy, 
arriving thus at the categories Menoguatha, MetJignatba, and 
Alenorhyncha, as we have mentioned on p. 161. (2) Tlu; mcita- 

morphosis; tlie grouping adopted being Ametabola, Heminietaliola, 
Aletabola. (4) The number of tlie Malpighian tnluiles ; 
Oligonephria, Polynephria. (5) The nature of the wings, the 
relative proportions of the thoracic segments, and some other 
characters. 

Brener’s treatise is accompanied by a valiuible and in many 
respectb very sagacious consideration of the geiieraliseil char- 
acters of the Insecta ; as a classification based partly on general- 
isations and partly on structures, it is, so far as the present 
^ “Syst. Zool. Studien.” S,B, Ak, Wieny xci. 1885, Abth. I. p. 374. 
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condition of our knowledge goes, a good one. But it is of 
little value as a practical guide, and as* a basis for theoretical 
speculation it cannot be treated as of importance, because the 
generalisations it makes use of are premature, owing to the small 
proportion of the forms that have been examined. And even now 
the groups adopted are known to be subject to many exceptions. 

Thus it begins by a division of Insecta into winged and 
wingless; but the winged division is made to comprehend , an 
enormous number of wingless Insects, whole subdivisions of 
Orders such as the Mallophaga being placed in the winged series, 
altliougli all are without wings. This first division is indeed 
entirely theoretical; and if a classification on generalisations 
were adopted, it would be more natural to begin with the old 
division into Homomorpha and Heteromorpha, and treat the 
Order Aptera as the first division of the Homomorpha, while the 
IIeteronior])ha would commence with tlieKphemeridae andOdonata, 
in which, though the individual in the early part of the ontogeny 
is very different from the pc^rfect Insect, there is no marked 
division of the later larval and the pupal stages. Brauer's system 
is also defective inasmuch as it takes no account of the embryo- 
logical or oogenetic processes, though these arc of equal import- 
ance witli tlie later phases of the Ontogeny. Kven as regards the 
division into Orders, it is far from being free from reprofich ; for 
instance, the separation of the Derniaptera from the Orthoptera, 
while Khynchota remains intact, although including a more 
extensive series of heterogeneous forms; the division of tlie 
Neuroptera into widely separatcnl groups, each of which is treated 
as equivalent to tlie great Orders, such as Coleoptera (in which 
Strep8i])tera are included), Hymeiioptera, and Diptera, is not 
reasonalde. The association of Mallophaga and Termitidae, while 
Derniaptera are separated from Orthoptera, is also undeniably 
arbitrary, and other similar disparities are to be seen on 
scrutinising the* details of the system. 

On comjiaring the three arrangements we have outlined, it 
will be seen that the chief discrepancies they present come 
under two heads: (1) The treatment of the Neuroptera, opinions 
differing as to whether these Insects shall lie grouped as a single 
Order, or shall lie divided into numerous Orders ; and as to what, 
if this latter course be adopted, the divisions shall be. (2) The 
treatment of the parasitic groups Mallophaga, Aphaniptera, etc. 
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It must be admitted that whichever of the three systems we 
Wve sketched be adopted, the result is, as regards both these 
points, open to criticism. The Order Neuroptera, if we take it 
in the broad sense, differs from the other Orders in the greater 
variety of metamorphosis exhibited by its members ; wliile if, on 
the contrary, it be dismembered, we gt»t a number of groiijis 
of very unequal extent and not distinguished from one another 
by tlie Sfime decisive and important eliaracters as are tlie other 
Orders of wliicli they are considered i‘<]uivalent. The dis( rei)ancy 
exists ill nature, and can scarcely be. evaded l)y any system. A 
similar observation may bo made as to the jiarasitic groujis, 
viz. Mallophaga, Anoplura, Aphaiii])tera, and Strepsiptcra. If 
these be treatial as separate Orders the result is not satisfactoiy ; 
while, if tliey l)e associated with the largei* grouiis to wliich they 
are respectively nearest allied, it is almost e(pially unsatisfactory. 

We may mention tluit Tackard and Hrauer have in their 
treatises discussed the ((uestion of super-ordeis, and have gone so 
far as to proiiose names for them. 'J'hese two authorities do not 
however agree in tludr conclusions ; and as the names ])ro]u)si‘d an^ 
of little \)ractical value, ami are but rarely met with, we need not 
explain them or discuss the comjairative merits of the two systems. 

The divisions of inferior value to the, Ordi‘r are, after rej)eati d 
scrutiny by many naturalists, becoming of a luori! satisfactory 
chaiiKiter, and notwithstanding various anomalies, may Ik*, many 
of them, consider(‘d fairly natural.^ Unfortunately entomologists 
liave not been able to agree on a system of terminology, so that 
for these subdivisions terms such as sub-order, serii‘s, legion, 
section, tribe, etc., are used by different autliorities in ways 
so various as to cause much confusion. In the folbnving pages 
the terms sub-order and s(*ries will be used in a somewhat vague 
manner, the term su)>-ord(»r being ])referred where the grouj) 
appears to lie an important one and of a fairly natural charactcu*, 
while the word series will be adopted when the groups are con- 
nected in a conventional manner. The designation “family" 
will be used for groups of subordinate importance; and as regards 
this term we may remark that systematic entomologists are 
making genuine efforts to define the “ families ” in an accurate and 
comprehensible manner. The endeavour to make these systematic 

^ The term natural is hero employed in the cnipirieal sense described by Bruiiiier 
voii AVattcnwyl, Xouv, Sysl, BlcUtaire.^, 1865, p. vii. 
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families dependent throughout the Class Insecta on characters of 
similar morphological value has, however, scarcely been entered 
on, and it is perhaps not desirable, seeing how very small a 
portion of the Insects of the world have been critically examined, 
that much effort should be yet expended on an attempt of 
the kind. It must be admitted that the species of Insects should 
be obtained before they can he satisfactorily classified, and it is 
estimated ^ that at least nine-tenths of the Insects of the world 
are still unknown to entomologists. 

Oeological Record. — Although Insects have a very long 
pedigree, it is as yet a very imperfect one. The remains of 
creatures that can be referred to the Class Insecta have been 
found, it is said, in Silurian straUi ; only one or two of these 
very early forms are at present known, and the information 
about them is by no means satisfactory; if Insects at all — as 
to wliich some doubt exists — they apparently belong to very 
different forms, though, like all the earliest fossil Insects, they 
[ire winged. In the strata of the Carboniferous epoch numerous 
Insects have been detected, in both Europe and North America. 
These earlier Insects are by Scudder called Valaeodictyoptera, 
and separated from the Insects around us on the ground that 
he considers there existed amongst these palaeozoic Insects no 
ordinal distinctions such as obtain in the existing forms, but 
that tlie primeval creiitiu’es formed a single group of generalised 
Hexapods. Brauer does not accej^t this view, considering that 
the earlier Insects can be referred to families existing at the 
present time and forming pirts of tlie Orthoptera, Ncuroptera, 
and Hemiptera. The discrejMincy l)etween these two authorities 
depends to a great extent on the different classifications of existing 
Insects that they start from ; Scudder treating the wings as of 
primary importance, while Brauer assigns to them only a 
subordinate value. From the point of view taken in the present 
work Scudder’s view appears to 1x5 in the main correct, though 
his expression as to the primary fossil Insects forming a single 
homogeneous group is erroneous. • The Neuroptera, still in exist- 
ence, certainly form a heterogeneous group, and it is clear that 
the Palaeozoic fossils represent a more diverse assemblage than 
the present Neuroptera do." 

’ Lord Walsinghani, iVoc, JEnL Soc, London, 1889, p. Ixxx, 

^ We may mention that fossil Insects are chiefly determined from their wing- 
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In the more recent rocks Insect renuiins l)ecoine conipfira- 
tively riuinerons, and in Mesozoic; strata forms that can satisiac- 
torily be referred to existing Orders are Icmnd, tlie Palaeodicty- 
optera of Goldenberg and Sciidder having mostly disappeared ; 
tlie Blattidae or cockroaches do not apparently pn^simt any great 
discontinuity between their Talaeozoic and Mesozoic forms. The 
Tertiary rocks afford us iairly satisfactory evidence to the effect 
that Insects were then more numerous in specii;s tlian tlu^y 
are at the present day. At Florissant in Colorado the heal 
of an ancient lake has been discovered, and vast ipiantitic^s of 
Insect remains have been found in it,. the geographical conditions 
indicating that the (*reatures were not brought from a distance, 
but were the natural fauna of the locality ; and if so we can 
only conclude that Insecits must have been then mure almndant 
in species than tliey are now. 

Scudder has informed us ^ that not only were Insects abundant 
in the Tertiaries, but that their remains indicate conditions of 
existence very similar to what we find around us. “ ( Vrtain 
peculiarities of secondary sexual dimorphism accom])anying 
special forms of communistic life, such as the neuters and workers 
ill Hymenoptera and the soldiers among the Termitina., are also 
found, as would be expected, among the fossils, at least through 
the whole series of the Tertiaries. The same may Ik; said of 
other sexual cliarac.teristics, such as the stridulating organs of tlie 
Orthoptera, and of peculiarities of oviposition, as seen in the 
huge egg-capsules of an extinct Sialid of the early Tertiaries. 
The viviparity of the ancient Ajihides is HUggest(»d, according to 
Buckton, by the appearance of one of the specimens from tla; 
Oligocene of Florissant, while some of the more extraordinary 
forms of parasitism are indicated at a time erpuilly remote l)y tlie 
occurrence in amber of the triungulin larva of Meloe, already 
alluded to, and of a characteristic strepsipterous Insect; not only, 
too, are the present tribes of gall-making Insects abundant in the 
Tertiaries, but their galls as well have been found.*' 

remains, which are often surprisingly perfect. This is one of the reasonH that have 
induced us to prefer a classification of Insects In which the nature of the wings is 
considered of great value. It would be impossible to refer fossil Insects to groups 
that are established on account of the metamorphosis or of the internal structure of 
their components, for there is not yet any evidence on cither of these points in the 
fossil remains preserved for us by the rocks. 

1 Bull. U.S. Geol. Survey, No. 31, 1886, p. 109. 
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tup: okdeu aptera — defixitiox — chief chahacjteristics — 

THYSANUUA ~ - CAMI’ODEA — .lAl'YX — MACHILI.S -LEl’ISMA — 

DIVERSITY OK IXTEUNAI. STRlUTritE IX THYSANURA ECTO- 

TROl’HI AND KNTOTROl'lll COU.EMUOLA LII'URIDAE - - 

VODHRIDAE SMYXTIMMHDAE — THE SI’RIXC, — THE VKXTRAI, 

TUBE ABDOMIXAL AVPENDAOES — ITiOSTEMMATlC OROAX- - 

TRACHEAI. SYSTEM ANURIHA MARITIMA OOLhEMBORA OX 

SXOW --I■1KE-H1ST0R1ES OF COI.I.KMBOLA FOSSIL AITKRA- 

Al’TEimiOGEXEA — AXTIOUITY AXD DISTRIBUTIOX OF CAMl'OUEA. 

Order I. Aptera. 

Hmall Insects mth v:citk outer shin, destitnU t/ironifhout life of 
wiiiffs or their rodhiients, hot v'ilh th ree imirs of Uijs ; an- 
tennae luri/c or moderate in size. 

The above definition is tlie only one that can at present he 
fruincd to apply to all the Insects iuclnded in our Aptera. 
Unfortnuately it is far from <liaynostic, for it does not enable 
us to distinguish the Aptera from the larvae or young indi- 
viduals of many Insects of other Ordei’s. There aiT*, however, 
certain characters existing in many Bi)ecie.s of Aptera that enable 
their iHissessore to Imj I'ecognistHl with ease, though, as they are 
quite wanting in other memliers, they cannot correctly be in- 
cluded in a definition applying to the whole of the Order. 

We arc thus brought in view of two of the most inqiortant 
genemlisations connected with the Aptera, viz. that these lnat«;ts 
in their external form remain throughout their life in a condition 
resembling the larval state of other Insects, and that they never- 
theless exhibit extreme variety in structui-al charmiters. 

The more important of the special charactei’s alluded to above 
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tis being possessed l)y some but not by all members of the Order 
are (1) a remarkable leaping apparatus, consisting of two 
elongate processes at the under side of the termination of the 
body; (2) a peculiar ventral tube, usually seen in the condition 
of a pa])illa with invaginated summit, and ])laced on the first 
abdominal st'gment (see Kig. 100, p. 194); (:^) the scales cover- 
ing tlie body ; (4) the existence of abdominal appendages in the 
form of long cerci or ])rocess(‘s at tlie tcu-mination of the body, or 
of short ])rocesses on tlui sides of tlie under surface of the abdominal 
segmcjits. 


Throughout the Order the general 
that of a larva; this is shown by tlie 
the body of Machilis 
(Tig. 90). There is a 
su(!cession of rings 
differing little from 
onci another, exce])t 
so hir as the head is 
concerned ; even the 
division of thorax from 


shape ap})roximatea to 
diagrammatic section of 



Fro. 90.- 


Section of bo«ly <»f MachilU : o, ovipositor. 
(After Outlt‘nnin.s. ) 


abdomen is lint little evident, and 
aithongh in some of the forms the tliree tlioracic segments may 
differ considerably among themselves, yet they never assume the 
consolidated form that they do to a greater or less extent in the 
imago stage of the other Orders. Fig. 90 shows the larvji-like 
structure of tlie body, and also exhiliits the ineepmlities in sizt*. 
between some of the dorsal and the corres])onding ventral ]»la.tes. 
This ])henom(inon is here dis])layed only to a small extent, so 
that the true relations of tlie dorsal and vmitral ]»lates can be 
readily detected ; but in the higher Insects want of correspoml- 
ence of this kind may be much more extensive. 

The r(?spiratory system is in many of tlieso Insi^cts very 
inferior in development, and may even be, so far as traclieae aial 
s])iracles are concerned, entirely aVismit, but in other members of 
tlie Aptera it is well develoiied. In the other internal firgaiis 
there is also great variety, as there is in the external structures. 

A brief explanation as to the term Aiitera,, which we have 
adopted as tlie name of this Order, is necessary. This name was 
used by Linnaeus for our Insects, but as lie assexiated with them 
various other heterogeneous forms which W(*re afterwards 
separated, his “ Aptera ” Ijecaiiie completely broken up and ceased 
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to be recognised as an Order of Insects. The term was, how- 
ever, revived by Haeckel and Balfour sevei’al )'ears since, and 
applied quite properly to the Insects we have in view. Subse- 
quently Backard and Brauer, recognising the claims of these 
Insects to an isolated position, proposed for them the names 
Synaptera and Apterygogenea, and Packard has also used the 
term (Jinura. There is, however, clearly an advantage in 
retaining the termination ‘'ptera” for each of the Orders of 
Insects ; and as the fact that “ Ajitera ” of Linnaeus included 
many Insects is not a sutticieut reastm for refusing to ap])ly the 
term to a portion of the forms liti used it for, we may, it is clear, 
make use of the Linnaean name with propriety, it being explicitly 
stated that tlie Order does not include by any means all the 
apterous forms of Insects. 

The Order includes two sub-orders, viz. (1) Thysanum, in 
wliicli the hind body (abdomen) is composed of ten segments, and 
there is no ventral tube on its first segment ; and (2) CoUemhola, 
in which the hind l)ody consists of not niore than six segments,, 
tile first of which is furnished beneath with a jieculiar tube 
or papilla. 

Thysanura. 

Our knowledge of this important sub-order has been re- 
cently much increased by the works of (Irassi* and Oudemans.^ 
Very little is known, however, of tlie extra-Eiiropeaii forms, 
there being great difficulties in the way of collecting and ])re- 
serviug specimens of these Insects in such a way as to render 
them available for study and accurate comparison. Grassi and 
Rovelli^ recognise four families among the few European sj)ecies of 
Thysanura, viz. ( /ampodeidae, Japygidae, Machilidae, Lcqiisinidae. 
Canqxxleidae is perhaps limited to a single siiecies, only one 
having been satisfactorily established, thruigh several descriptions 
have been made of what are supposed to lie other species. 

’This Insect (Camifodea staphylinus) is, so fur as external form 
goes, well known, from its having l)een figured in many works 
on natural history on account of its having been supposed to be 

' Menu Acc, Lincei Komn (4), iv. 1888, p. 543, etc., and other preceding memoirs 
meiitioued therein. 

* Hijdr. pierhinde, xvi. 1888, pp. 147-227. 

* yatwHli Sicilf i-\. 1880, pp. 25, etc. 
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the nearest living representative of a primitive or ancestral 
Insect. The creature itself is but little known even to 

entomologists, altliough it is one of the commonest of Insects 
over a large part of Europe. It is numerous in the gardens 
and fields about I^ndon and Caml)ridge. and abounds in damp 
decaying wood in the New Forest ; if there be only one 
species, it must possess an extniordinary capacity for adapting 
itself to extremes of climate, as we have found it at midsummer 
near the sliores of the Meditcirraneau in com])any with the sub- 
tropical white ants, and within a day or 
two of the same time noticed it to be 
abundant on the actual summit of Mount 
Canigou, one of the higher Pyrenees, 
where the conditions were, almost arctic, 
and it was nearly the only Insect to be 
found. The species is stiid to exist also 
in North America and in East India. It 
is a fragile, soft Insect of white colour, 
bending itself freely to either side like a 
Myriapod; the legs are ratlier long, the 
antennae are long and delicate,, and the 
two processes, or cercd, at the other ex- 
tremity of the body are remarkably similar 
to antennae. It has no eyes and shuns 
tlie light, disappearing very quickly in the 
earth after it has l)een exposed. If placed 
in a glass tube it usually dies speedily, 
and is so extremely delicate that it is 
difiicult to pick it up even with a earners 
hair brush without lireaking it ; so that 
we may fear it to be almost hopeless to 
get enough specimens from different parts Kiaphj. 

of the world to learn what differences (After Lubbock, 

may exist amongst the individuals of this 

so-called primitive Insect. Meinert, a very able entomologist, 
considers that there is really more than one species of Camjwdea 
Campodeidae as a family may Ixj briefly defined as Tliysanura 
with the trophi buried in the head and with the body terminated 
by antenna-like processes. We shall consider some of the ana- 
tomical jHiculiarities of this interesting Insect after we have 
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briefly reviewed some of the external cliaracters of the other 
Thysanuni. 

The second family (Japygidae) consists of one gemxB Japyx, of 
which there are, no doubt, several different species in various 
parts of the world, such having already been detected in tropical 
Africa, in Malasia, and in Mexico, as well as in Madeira and 
EuroiKj. The commoner Bj)ecie8 of the latter continent, Japyx 
solifugm^ lives in moss 6r in sliady jdaces on the edges of woods. 
It possesses a great resemblance to a newly-hatched earwig, and 
the writer has found it in France under a stone in company with 
a number of the tiny creatures it was so much like. This species 
has been found as far north im Paris, V)ut has not been met with 
in Britain. The family Japygidae is, like the Cainpodeidae, 
entotrophous, and is distinguished by the body being terminated 
beliiiul by a pair of forceps instead of antennary organs. 

The other two families of Thysanura, Machilidae and Lepis- 
midae, are ectotrophous — that is, the ])arts of the mouth are not 
buried in the head, but are arrangeil in the fashion usual in 
maiidibulate Insects. 

Only one genus of Machilidtm is known, but it is no (loul)t 
very numerous in sjiecies, and proUibly is distributed over 
most of the glol>e. Maehilis vmriUma is common in some 
pLuics on the coast of England. Anotlier species {jV, polypoda) 
occurs amongst dead leaves in the New Forest, and we liave also 
observt^d a species of the genus under the loose stones that 
frecpiently form tlie tops of the “ dykes ” or piled walls in Scotland. 
In more southern Europe sjxjcies of Mtu'Mlis are commonly met 
with on the perpendicular faces of very large stones or rocks, 
over which they glide with wonderful facility. The scales on 
the bodies of these rock-inhabiting sj^mcies form pretty j)attern8, 
but are detacJied with such facility that it is almost impossible 
to obtain specimens in satisfactory condition for examination. 

In Machilidae the doraal plates of the hind body are reflexed 
to the under surface so as to form an imbrication covering the 
sides of the ventral plates, and the eyes are largely developed ; 
by which characters the family is distinguished from the 
I^pismidae. The pair of large compound eyes (Fig. 92, O) is a 
remarkable feature, Ijeing indeed unique in the Aptera. The 
structures ( 0 , o') that Oudemans considers to be simple eyes have, 
in external api)earance, a resemblance to the fenestrae of the 
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Blattidae ; (]|rassi states, liowever, that not only are they eyes, 
but that they ai’e of almost unique strnctui'e, Iwing, in fact, 
intermediate between simple and cnmix)und eyes. 

The mode of development of the compound eyes of MnchiHs 
is of considerable, interest, but unfortunately very little is known 
almut it, even the period at wliich the eyes apjjear being nncertiiin. 
.Judging from analogy with the Orthoptera, we shoidd suppost^ 
them to Ije present when the lns(«!t leaves tlie egg, and Ondenians 
apjwrently considers this to be the ctise, hut Bolivar states * that 



Fig. 92. — Head of Machilis mari~ 
tinui (after Oudeinaiis) : l)a.sB 

of antenna ; C, clypcn,s ; ver- 
tex ; fold ; 0, eye ; o, u\ sup- 
posed simple eye ; J/, mandible ; 
vii maxilla ; Z, upper lip ; lower 
lip; r, portion of maxillary palp; 
of labial palp, x 20. 



Fig. 93. — Lepisuw rinefa. (AfitT 
Oudemiiiis.) x 4. (Tim line indi- 
cates tbo natural leiiKtli. ) 


in the early stages of Machdis the eyes are only Kiin|)le eyes ; 
these being rephiced by compound eyes in the later lil'e. TIk^ 
writer lias observed very young individuals of Machilis polyimla, 
and found the eyes to lie evidently coiiHM)und. 

The remaining family of Thysanura, the T..(^.piHmidHe, is in 
certain^ respects the most highly developed of the Order. The 
covering of a(?ale8 found on tlie Ixidy is very remarkable in some 
of the species, especially in the genus Lepiama (Fig. 93, Z. 
cincta)\ the thoracic segments are <lil!erent from one another 
^ Ann, Soe, cnt. France, 1892, p. 34. 
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and from those of the abdomen, and the tracheal system is more 
highly developed than it is in the Machilidae. Several genera 
are known, but only two members of the fiimily have yet been 
detected in Britain. One of them (Lejnsma saccharina), occurs 
only in houses, and is sometimes called the silver fish ; it is, 
when full grown, less than half an inch long, and is covered with 
scales that give it a feeldy metallic lustre. Like the other 
Thysanura, its movements are very perfect. It is said that it is 
occasionally injurious by nibbling paper, but the writer’s observa- 
tions lead him to doubt this ; its usual food is doubtless farin- 
aceous or sticcharine matter. Thermohia ftirnorum^ our other 
British lie])ismid, has only recently been discovered ; it is found 
in bakehouses at Cambridge and elsewhere. The bakers call 
these Insects fire-brats, apparently consiilering them to l^e fond 
of heat. 

Much valuable information as to the anatomy of Thysanura 
has been obtained by Crassi and Oudemans, and is of great 
interest. Taking four genera, viz. Cimimdca, Japyx, Machilis, 
and Lepisnia, to represent the four families constituting the 
sub-order, we will laiefly enununate some of the more remarkable 
of the characters of tlieir intcirnal anatomy. Campodea has a 
very inferior development of the tracheal system ; there are three 
pairs of spiracle.s, which are .situate on the thoracic region ; 
the tracheae connected with ejic’h S))iraclB remain distinct, 
not uniting with those coming from another spinicle ; there are 
thus six separate small tracheal systems, three on eacli side 
of the body. Jap^yx solifuym has eleven i)aira of spiracles, of 
which four are thoracic ; the tracheae are united into one system 
on each side by means of lateral tulx*8; thus there are two 
extensive tracheal systems situate one on esich side of the body, 
there being a single transverse tube, placed near the posterior 
extremity, uniting the two lateral systems. In Machilis there 
are nine piirs of stigmata, two of them thoracic, seven al)dominal ; 
the tracheiie from ejich spiracle remain unconnected, so that there 
are eighteen separate tracheal systems, some of which are con- 
siderably more developed than others. The Lepismidae have 
ten pairs of stigmata, and the tracheae connected with them are 
completely united into one system by longitudinal and transverse 
;5tul)es. Besides these ditfcrences there are others, of coiisidenible 
importance, in the position of the stigmata. 
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All the Thysanura possess salivary glands. Tu Camjwdea 
there are about sixteen extremely short Mal})ighian tubules, or 
l)erhaps glands representing these organs; Japyx is destitute 
of tliese structures; Mnckilis viaritivia has twenty elongate 
tubules ; in Lepisrna also they are long, and apj)arently Aary in 
number from four to eiglit in different spocdes. Tlie ])ro|)or- 
tions of the three divisions of the alimentary canal differ 
extremely ; there is a very large proventriculus in Lepinmu, Tint 
not in the other families ; coecuil diverticula are ])resent on the 
anterior part of the true stomach in Mnckilis and in Lqrismn, 
but are wanting in Campodea and in Jnpyx. 

The dorsal V(*ssel seems not to present any great differences 
in the sub-order. Grassi says there are no alary muscles present, 
but Oudemans descrites them as existing in MnchiliSy but Jis 
l)eing excessively delicate. 

The ventral chain of nerve-ganglia consists in Cavqmlcn of 
one cephalic ganglion, one Bub-w.8ophageal (which clearly 
belongs to the ventral stn*ies of ganglia), tliree thoracic, and 
seven aWomiual. In the other fttmilies there are eight instead 
of seven abdominal ganglia. 

The structure of the internal sexual organs is very remark- 
able in the Thysanura. In Campodea there is one extremely 
large, simple tube on emdi side of the body. In Jnpyx th(‘r(», are, 
seven small tubes 011 each side, placed one in each of tlui suc- 
cessive alxloininal segments, and opening into a common duet. 
In Mojchilis there are also seven tulxis opening into a common 
duct, but the arrangement is no longer a distinctly segmental one. 
In Lepisma tliere are five egg-tulxjs on cjich side, the arrange- 
ment l)eing segmental in the young state lait not in the adult 
condition. In Campodea nuti’ieut cells alternate with the (*ggs 
in the tuljes, but this is not the Ciise in the other families. 
Kig. 94 shows the ovaries in three of the Thysanura ; in tiu; draw- 
ing representing this part in Machilis ((J), one of the two ovaries 
is cut away for the sake of clearness. 

The male organs in Campodea are very similar in size and 
arrangeiient to the ovaries, there Ixiing a single large tube 
or sac and a short vas deferens on each side of the liody. In 
Japyx there is a sttc on each side, but it is rendered double by 
a coecum at its Ixise, and there are long and tortuous vasfi 
deferentia. In Lepisma there are tliree pairs of coeca on each 
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Hide, segmentally placed and opening into a coniinoii duct. 
Til Machilis there arc tliree retort-sha])ed sac's on each side open- 
ing near one another into a conmion duct, the vasa deferentia 
arc elongate, and arc very curiously formed, lieing each double 
for a consideralile length, and the separated portions connected 
at intervals by five transverse commissural ducts. 

One of the (diaracteristic features of Insect structure is the 
restriction of articulated legs to the thoracic region. In the 

Thy san lira there exist ap- 

( 1 pendages oijcupying a posi- 

f S ^ ) tiou Oil the liiiul l)ody some- 

(iZ-Al wliat similar to that of the 

‘ ^ thorax. These 

\ ' appendages are quite small 

i|r: ; bodies, and arc placed at the 

( hind margins of tlie ventral 

3 \ \v — IT pl^des of tlie al)domen, one 

: p 

J'- \VlrfV/ R^tited by a simidc joint to 

vlIOj the sternitc and are provided 
: I II vvith muscles. They are 

U^. -1 II ftmnd in Campodea on seg- 

I I ) \ II ments 2 to 7 ; in Lepisina 

V V a \ on H and 9, in the allied 

Fio. 94. — Ovaries of Tliysanurn : A of Cam- ^icolf.iia (»n 2 tO 9; inJapj/iC 
oyapyx; ^ j k y- 

urossi and Oimeiiuuis. ) ’ 

i^ver, more rudimentary tlian 

they are in Cnmpodra. In Jfae/iilifi they attain |)erhaps their 
greatest development and exist on segments 2 to 9 ; more- 
over, in this genus such appendages occur also on the coxae of 
the second and third jiairs of thoracic legs. Oudemans thinks 
they help to support the abdomen, and that they also assist 
in leaping ; (’Irassi considers that they are sup])orting agents to 
some extent, but that tliey are essentially tactile organs. He 
calls them false legs Pstiudozampe.” 

Still more remarkable and obscure in function are the vesicles 
found near the appendages ; we figure a pair after Oudemans, 
showing them in the exserted state. In the retracted state the 
<)uter portion of the vesicles is withdrawn into the Ijasal part P 
(Fig. 90 ), so that the vesicles are then only just visible, being 



VII 


APTERA 


1 89 


concealed by the ventral plate. The ahdoiniiial {ijipeiulage is not 
retractile. In Maehilis there are twenty-two of these vesieleH, 
arranged either two or four on one ventral jdate of the liind 
body. They are also present in Catnjwdm, wliere there are six 
pairs. They are usually Siud to be absent in Jaityx and in 
fjejyismn, but Hfuise shows ^ that Japyx possess a. ])air ])laeed 
behind the second ventral plate of the abdomen. Tla^ vesicles 
appear to be exserted by the entrance of Idood into them, and to 
be retracted by muscular agtmcy. Much dittcrence of opinion 
prevails as to their fuiu-tion ; it appears probal)le that tlu‘y may 
be r(‘spiratory, as suggested by Oudemans. 

The scales found on the bodies of the Ectotroi)hoiis Thysaiiuia 
may be looked on as modified hairs, and are essentially similar to 
those of the IjC^pidoptera, and they drop off 
as readily as do thos(» of the Ix'pidoptera. 

Stummer-Traunfels, who has recently 
t)iihlished the results of his researches (»n 
the mouth-organs of Thysanura and t’ol- 
lembola, confirms tlui division of thcj 
Tliysanura into Entotrophi and Ectotrophi, 
and considers that tluj (Mlembola agree 
with the former grou]). The tlerniaii 
author therefore proposes to divide our 
Apttna, not into Thysanura and Collembola, 
but into Ectognathi ami Entognathi, the 
former group consisting of Macliilidae and 
lA»pismidae, the latter of Campodeidae, 

Japygidae and the various families of 

Collembola.’ We think it far more natural, however, to r(;tain 

the older division into Thysanura and Collemliola. 



Fio. 0.^). -Ahrloininal ftpi»en- 
clufjo aiul exscrtile vesi- 
di'S of Mach U in, U, 
uppeiiilaKu ; vesirlf's 
protniiled ; basal poi-- 
tioii ; /{, iiiusclus. X 70. 


Collembola. 

The sub-order (■ollembola, which we have defined on ]>. 182 , 
consists of small Insects, many of wdiich p(jssess tlu* capacity of 
leaping, or springing suddenly, and when disturl>cd or alarmed 
naturally make use of this means of escaping. Their leajis, )m)W- 
ever, apiiear to be made quite at random, and very frequently do 
* Morph, Jahrh, xv. 1889, p. 383. « SB, Ak, Wien, c. 1891, Abth. I. p. 216. 
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not have tlie result of . taking the creature into concealment, and 
in such circumstances they may be rapidly and frequently 
repeated until the Insect feels itself, as we may suppose, in a 
position of safety. Tliree families may be very readily dis- 
tinguished, viz. (1) Lipuridae, in which no leaping ajqiaratus is 
present; (2) Poduridae, a leaping apparatus exists near the ex- 
tremity of the abdomen ; the body is siilxiylindric and evidently 
segmented; (3) Smynthuridae, a leaping apj^aratus exists: the 
body is sub-globular with comparatively large head and alKionum, 
the intervening thoracic region being small ; the segmentation of 
the body is obscure. 

The study of the Collembola is much less advanced than that 
of the Thystinura, comparatively little having been added to our 
knowledge of the groii]> since Lubbock’s monograph of the 
British forms was published by the Itay Stxdety in 1873. Why 
the Collembola should be neglected when the Thysfinura attract 
so much attention is as inexplicable as many othejr fashions are. 

The faimily Lipuridae consists of a few very small and ol)scure 
rnsocts of soft consistence. They move slowly, and, owing to the 
al)sence of any lefiping power, attract atten- 
tion less readily than the other Collembola 
do. Two genera are generally recognised, 
and they should ])robably form separate 
families ; indeed, in Lubbock’s arrangement 
they do so. In one of the genera {A^ioura) 
the mouth is very imperfect, no mandibles 
or maxillae having been detected, while in 
the other genus {Lipura) these prgans exist. 

In the members of the family Poduridae, 
including the Degeeriidae of Liibb(X.*k, a 
saltatory apparatus is prestmt in the form 
of appendages attached to the fifth abdomi- 
nal segment (l)egeeriides), or to the fourth 
Fk;. 96. - Lipura hitr- ( Bodurides). These apjHindages are during 
(After Lub- fiexed beneath the body, but in dead 
specimens usually project backwards, having 
the appearance of a bifid tail. Poduridae are of elongate form, 
somewhat like small caterpillars, and are frequently prettily 
marked with variegate colours. Fig. 97 represents an arctic form 
closely allied to our native genus Isotoma. 
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The peculiar shape of the iiieiiilxu's of the Siiiyiithuridao is 
sufficient for their identification. They possess a very convex 
abdomen, and very near to it 
a large head, the intervening 
chink being occupied by tlui 
small thorax. The segmenta- 
tion of the body is not easily 
distinguished. Nicolet states 
that the thorax consists of 
three segments and the alwlo- 
men of the Siinie number, and 
that wlien the Insect emerge.s ^ 7 .—<Wfjnofhrt\vbfm‘alis: vcntml 
from the egg these .Uvisio.m tub. ; the spriug. (Alter Tuliberg.) 

can be j:)erceived. Tn after life tlie posterior part of tlie tliorax 
becomes amalgamated with tlie abdomen, so that it is dillicult to 
trace the divisions, but there apiiears to be no information as to 
the manner in wliich this change occurs. 




Some of these minute Insects fre<jumit 
trees and liuslies, and tlieir leajiing powiTs 
are very perfect, so that it is ilifHcult to 
cajiture them. The family includes lioth 
the Smyntliuridae and tlie Papiriidae of 
iaiblwk. 

The two most characteristic organs of 
tlie Collembola are the spring and the 
ventral tube. The first of these is an 
i'longate structure attached to the under- 
side of the abdomen near its extremitj^, 
eitlier on the ]>enultimate or ante-penulii- 
mate segment. It consists of a liasfil 
part, and of two apjiemlages attacluMi 
thereto. It is carried under the Ins(?ct 
bent forwards, and is retained in this 
position by means of a catch whicli jiro- 
jects from the under surface of th(i tliird 


Fkj. 9S.-^Sm.ynthurv8 varies segment of the body, descending lietween 

f/atus, with spring ex- branches of the spring, and i^iiss- 

teudvd. (After Tuliberg.) . . .. • 1 1 

ing under the extremity of its basal seg- 


ment. It is considered that the spring is elastic, is flexed under 


tlie bfKly by muscular action, and, Ijeing retained in this position 
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of restraint by the catch, when the latter is removed the spring 
extends by reason of its elasticity, and the leap is thus executed. 
Whether this is really the exact method of leaping is, however, 
doubtful, for Lubbock says that the catch “ only exists in certain 
genera ” ; while in its structure it does not appear to be well 
calculated to retain in position an organ that by virtue of its 
elasticity is constantly exerting a considerable force. 

The ventral tulje is an anomalous and enigmatic structure. 
In the low’er forms, such as Lijrura ov Anurida, it consists merely 
of a papilla ( Fig. 100, A, a) more or less divided by fissui*e into two 
])art8. In the Smynthuridae it is more highly developed, and 
protects two long delicate tulM\s that are capable of Ixiing 
])rotruded, as shown in the outline profile of Smynthyrus fuscvs 
(Fig. 90), w’hich is taken from si>ecimens preserved in balsiim by 

Mr. J. »I. Lister. The nature and use 
of this ventral tube have given rise to 
miieli discussion. Lubbock considered, 
and others have agreed with him, that 
it serves to attach the Insect to bodies 
^ to which it may be desirable the Insect 

should, when in the ])erpendiculai* ])osi- 
tion, adhere. Iteuter ^ assigns a quite 
dilfereiit function to this singular struc- 
Fio. imv. Hc states that the hairs of the 

inuled from ventral tiii^e ; body are hygroscopic, and that the 
6. the spring extended. peculiar chiws of the Iiisect having 

collected the moisture from the hairs, the v(?ntral tube becomes 
the means of introducing the liquid into tlie body. These Insects 
possess, however, a mouth, ami there seems to lie no reason why 
a complex ap^wiratus should reiiuiretl in addition to it for so 
simple a pnrjiose as the introduction of moisture to the interior of 
the body. Haase finds ' that Collemlxda can crawd on glass 
without the aid of the ventral tube; he considers its function 
to he jiliysiological, and tliat it may proluibly be respiratory as it 
has teen suggested is the case with the vesicles of Thysanura. 
The functiou of the ventral tute is certainly not yet satisfac- 
torily elucidated. The vesicles contaiucd in it are said to te 
extruded hy blood-pressure, and withdrawn by muscular action 
in a manner similar to that which we have descrite'd as occurring 
' Ent. Tidskr. i. 1880, p. 159. ® Morphol. Jahrh, xv. 1888, p. 361. 
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ill the case of the exsertile vesicles of the Thysfiiiuni. The i^'o- 
cesses in Smyntliurus l)eHr glandular structures at their ex- 
treinitiea It has been suggested that tlie ventral tuln? of Collem- 
bola is the lioiuologue of a pair of ventral appendages. Tlie term 
Collophore has been applied to it somewhat prematurely, seeing 
the doubt that still exists as to its function. 

Some of the (.■oIlemlKiIa ]X)ssess a very curious structurt* 
called the prostemmatic or ante-ocular organ ; its nature and 
function have been very inadequately investigated. The (xuilar 
organs of the Colleinljola consist, when they are present, of 
isolated ocelli placed at the sides of the head like the corre- 
sponding organs of caterpillars; the prostemniat(». is ]da<*(*(l 
slightly in front of tlie group of rH*elli, anti has a concentric 
arrangenicnt of its parts, reminding one somewhat of the com- 
pound eyes of the higher Insects. This structure is representeil 
in Fig. 100, 11, C ; it is siiid by Sir Jolin Lub))ock to be present 
in some of the Lipuridae that have no ocelli, and he therefore 
prefers to speak of it as the “ jiost-antennal ” ta-gan. 

A very characteristic feature in the Culleinbola is the slight 
development of the tracheal system. Although writers are far 
from being in accord as to details, it seems that stigmata and 
tracheae are usually absent, lii i^nryntMuras there are, however, 
according to Lubbock, — whose statement is confirmed by Meiiuu’t 
and TullVierg, — a pair of stigmata situate on the head below the 
antennae, and from these there extends a tracheal sysUmi through- 
out the body. Such a position for stigmata is almost, if not 
quite uni([ue in Insects ; Grassi, howe\ er, seems to have found 
something of the kind existing in the embryo of the bee. 

At present only a small numlier of species of the Order 
Aptera are known ; Lnbbtick recognised about sixty Ilritisli 
species, and Finot sixty - five as found in France. The North 
American forms have not received so much attention as the 
European, and the Aptera of other countries, though they arc 
probaldy everywhere fairly iuiinerous,ure scarcely known at all. A 
few have lieeii desiiribed from the Indo-Malayan region and souk? 
from Chili, and the writer has seen species from the West Indian 
and Sandwich Islands. All the exotic forms as yet detected are 
very similar to those of Eurojie. 

The Thysanura are jirobably not very numerous in sjKJcies, and 
apjiear to be in general intolerant of cold. With the Collembola 

VOL. v o 
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the reverse is the ciise. They are excessively numerous in 
individuals; they are found nearly everywhere on the surface of 
the ground in climatic conditions like those of our country, 
while no less than sixteen species have been found in Nova 
Zenibla and one each in Kerguelen and South Georgia. One 
species, if not more, of Poclum, lives on tlie surface of stagnant 
waters, on which the minute creatures may frequently be seen 
leaping al^out in great numbers after being disturbed. 

In 1874 the jilain of Geimevilliers in France was copiously 
irrigated ; in the following year the soil was still very damp, and 
there existed numerous pools of stagnant water, on the ijjurface 
of which Podura aqiiatica wfis developed in such prodigious 
(quantity as to excite the astonishment of the inhabitants of the 
region. 

Accounts have been frequently given of the occurrence on 
snow and glaciers of Insects spoken of as snow -fleas, or snow- 
worms. These mostly relate to Poduridae, which are sometimes 
found in countless number in such situations. The reason for 
this is not well umlersto(xl. According to F. Low,^ on the 17tli 
of March at St. Jacob in Carinthia, Parson Kaiser observed, on 
the occurrence of the first thaw-weather, enormous numbers of a 
Podura (? Achorutes murorum) on the surface of the snow for an 
extent of about half a mile, the snow being rendered black in 
appearance by them ; eleven days afterwards tliey were found in 
diminished numbers on the snow, but in large quantity on the 
water left by its melting. This account suggests that the 
occurrence of tlie Insects on tlie snow was merely an incident 
during tluur passjige from the land, where they had been 
hibernating, to the surface of the waUT. 

One little member of the Lipuridae, Anurida maritima 
(Lipura maritima of Lubbock), has the habit, very unusual for an 
Insect, of freciuenting siilt water. It lives amongst the rocks on 
the shores of the English Channel, between high and low tide- 
marks. Its habits have been to some extent ol)served by 
liiboulbfene ^ and Moniez ^ ; it appears to be gregarious, and when 
the tide is high, to shelter itself against the commotions of the 
water in chinks of the rocks and other positions of advan- 
tage, When the tide is out the Insects apparently delight to 

^ Verh, zool,-hot» (ires. IVien, viii. 1858, p. 564. 

* An7u Soc. ent, Franre, 4tli ser. iv. 1SC4, p. 705. 

® Fee. hiol. Xord FrancCy ii. 1S90, p. 347. 
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congregate in masses ‘on the surface of the nn^k i>ools. This 
AnnrUla can endure prolonged immersion; hut both the ob- 
servers we are quoting sjiy tliat it is, when submerged, usually 
conqJetely covered witli a coat 
of air so that the water does not 
touch it. The little creature 
can, however, it would appear, 
sul»sist for some time in the 
pools of sfilt water, even wlien 
it is not surrounded by its 
customary protecting envelope 
of the more congenial element. 

Its food is Siiid, on very slender 
evidence, to consist (»f the re- A 

nf mii'ill riviriiio •inini-ily 100 . — -IrtMr/r/a maritima : A, niider- 

inainK. l sma u nitimic ailimcll^., surlaee; papilla of vent rill luVie ; B, 

such as Molluscs. We repro- pm^teiunintic or^jan of young; C, 

1 i* r 1 11 « * adult. (After LaboullMOie.) 

diice some ot Laboulbenc s ' 

tigures (Fig. 100) ; the under-surfiice shows at a the divided pap- 
illa of the ventral tube ; I), C represent the ])eculiar prostenimatic 
organ, alluded to on p. 193, in its mature and immature states. 

Very little information exists as to the life-history of tlic 
Aptera ; as for tlieir food, it is generally considered to consist of 
refuse vegetable or animal matter. It is usual to say that tliey 
are completely destitute of metamorphosis, but Templeton says of 
Lepisma that “ the young differ so mncli from the 

mature Insect that 1 took them at first for a distinct species ; tlie 
thoracic plates are proportionately less l»roail, and tlie fiist is 
devoid of the white marginal band.” As regards the moults, it 
would appear that in this, as in so many other i>oints, great 
diversity prevails, Orassi stating that in CnmpOiha there is a 
single fragmentary casting of the skin; and Sommer informing ns 
that in Mmi'otoma plumhea the moults are not only nunierons, 
but continue, after the creature has attained its full growth, 
throughout life. 


A very marked feature of the Aptera is their intolerance of a 
dry atmosphere. Although Campodea can exist under very 
diverse conditions, it dies very soon after being placed in a dry 
closed tube; and the same susceptibility appears to be shared by 
all the other members of the Order, though it is not Hi) extreme 
in all ; possibly it may Vje due to some peculiarity in the structiure 
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of the integuiiieiit. So fur h 8 tolerance of heat and cold goes, 
the Aptera can apparently exist in any climate, for though some 
of the species extend to the Arctic regions, others are peculiar to 
the tropics. 

Thymnvra are recorded hy Klehs and Scudder as occurring 
comnioiily in amber; the latter author has described a fossil, 
supposed to be a Lextisma, found in the Tertiary deposits at 
Florissant. Scudder has also descril^ed another fossil, likewise 
from Florissant, which he considers to form a s[)ecial sul)-order of 
Thysanura — Ballostoma — but it is extremely dou1)tful whetlier 
tliis anomalous creature shouhl l)e assigned to the Order at all. A 
still older fossil, Dtuyleidm lucadi Ikongniart, from the Carl)on- 
iferous strata in France, is considered to belong to the Order 
Aptera, but it must l)e admitted there is some doubt on this 
point. 

The interest aroused in the minds of naturalists by tlie 
comparatively sini])lii f<.)rms of these purely wingless and therefore 
anomalous Insects has been accompanied l)y much discussion as to 
their relations to other Insects, and as to whether they are 
really i)rinutive forms, or whether they may pcu’haps l)e degenerate 
descendants from some less unusual states of Insect-lifi*. Mayer 
and Brauer dissociated our A])tera entirely from other Insects, 
and proposed to considiu’ the Ilexapoda as being composed of two 
groups — (1) the Apterygogenea, consisting of the few species we 
have been specially considering; and (2) the Bterygogenea, includ- 
ing all the rest of the immense crowd of Insect forms. They 
were not, however, able to accomj>any their ])r()posed division by 
any satisfactory chai'acters of distinction, and the subse(pient 
progress of knowledge has not supported their view, all the l)est 
investigators having found it necessary to recognise the extremely 
intimate relations of these Insects with the Orthoptera. Meinert 
thought that Lepisma must be included in the Orthoptera; Grassi 
proposes to consider the Thysanura as a distinct division of 
Orthoptera ; and Oudemans recognises the close relations existing 
between MacMHs and Orthoptera proper. Finot includes the 
Aptera in his Orthoptferes de la France, and a species of Japyx 
has actually been described by a competent entomologist as an 
apterous earwig. At present, therefore, we must conclude that 
JP good distinction has been found to justify the separation of 
^ Aptera from all other Insects. 
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The taxoiioiuy of the (>i>lleiiil>ola haa not yet V>eeu adequately 
treated, and it is possilde that more grounds will he found 
for separating them as a distinct Order from the Thysaniira, — a 
course tliat was advocated hy Lubbock, — than exist for ilividing 
these latter from the Ovthoptera proper. There are apparently no 
grounds for considering the Aptera to be degenerate Insects, and wc*, 
may adopt the view of Orassi, that they are primitive, or rather 
little evolved forms; It must lie admitted that there are not at 
present any suHicient reasons for considering these Insects to lie 
“ ancient ” or “ ancestral.” The vague general resmnblance of Cum- 
podra to many young Insects of very dilferent kinds is clearly the 
correlative of its simple form, ami is no more ])roof of actual 
ancestry to them than their resemldances inffr .sv; are, pioofs (jf 
ancestry to one another. Tint even if diqirived of its claim to 
anticjuity and to ancestral honours, it must be admitted that 
Cnmpodca is an interesting creature. In its structure one of the 
most fragile of organisms, with a very feeble r(is])iratory system, 
inadeipiate organs of sense, only one [lair of ovarian tubes, veiy 
imperfect mouth-organs, and a simple alimentary canal, it 
nevertheless flourishes while highly-endowed Insects become 
extinct. In the suburban gardens of London, on the shores of 
the Mediterranean, on the summits of the higher Tyrenees, in 
North America even it is said in the caves of Kentucky, and 
in India, Cavipodea is at home, and will probably always lie 
w’ith us. 



CHAPTER VIIT 


* ORTHOPTEUA — FORFICULIDAE, EARWIGS — IIEMIMERIDAE 

Order II. — Orthoptera. 

Insects with the mouth parts corispicuous, formed for hiting, the 
four palpi vcnj distinct, the lower lip longitiidinally divided 
in the middle. The tegynim (mesothorauc vnyigs), of parch- 
ment-like consistence, in repose closed on the back of the 
Insect so as to protect it. The mctathoracic nnugs, of more 
delicate consistence^ ample, f urnished with radiating or 
divergent nermres starting from the 2)oint of articulation, 
ayid> with short cross nerrules forming a sort of netwrk; 
in repose collapsing like a, fan, and more or less coyiplctelg 
covered by the tegmina (except in certain rhasmidae, where, 
though the wings are ample, the tegmina are minute, so that 
the ivings are uncovered). In a few forms (^winged Forji- 
culidae and some Blattidae) the mctathoracic wings arc, in 
addition to the longituditial folding, contracted by means of 
one or two trayisverse folds. The mode of growth of each 
individual is a gradual increase of size, without any abrupt 
change of forni, except that the vnngs are only fully developed in 
the final condition. There is yio special pupal instar. Species 
iyi which the wings are absent or rudivuntanj are numerous. 

The Orthoptera are Insects of eoniparatively large size. The 
Order, indeed, includes the largest of existing Insects, , while none 
are so minute as many of the meml)ers of the other Orders are ; 
three millimetres is the least length known for an Orthopterous 
Insect, and there are very few so small, though tliis is ten times 
the length of the smallest beetle. The Order includes earwigs, 
cockroaches, soothsayers or praying-insects, stick- and leaf-insects, 
grasshoppers, locusts, green grasshoppers, and crickets. 
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The changes of form that accompany the growth of the 
individual aio much less ulunipt and consjacuous than they an* 
in most other Inse(its. Tlie metamorphosis is tlunefore called 
raurometaholous. It has been supposed hy some naturalists that 
Orthoptera go through a larger \M»rti<»n of tlieir develojanent in 
the egg than other Insects do. This does not clearly app(*ar 
to lie the case, though it seems that there are distinctions of a. 
general cJiaracter in the emhryology ; the period of development 
ill the egg is prolonged, and thii yolk is said hy AVheeler^ to he 
more than usually ahundant in comparison with tlie size of the 
young emlnyo. Tlie emhryonic developmmit may in tropical 
countries be accomplished in three weeks (st*e Maiitiilae), hut in 
countries where winter suj^ervenes, the period may in some 
species be extended over seven or eight months. 

The external features of the post-embryonic development — a 
term that is more convenient in connexion with Orthoptera than 
metamorphosis — areas follows: the wings are never present when 
the Insect is first hatched, hut apjKjar subsequently, and increase 
in size at the moults ; the form and pnqHirtions of the segments 
of the body — especially of the thorax — undergo much change ; 
an alteration of colour occurs at some of the moidts, and the 
integuiiient becomes harder in tlie adult condition. Nt*ither 
the development of the internal organs, nor the physiological pro- 
cesses l)y wdiich the changes of external form are etiected, ai»pear 
to have Ijeen studied to any great extent. 

Many of the Orthojitera do not po8st»,ss wings fit for flight, and 
some species even in the adult state have no trace whatever of such 
organs. Flight, indeed, appears to lie of minor importance in thi* 
Order; in many cases where the wings exist they are purely musical 
organs, and are not of any use for flight. The apterous ami the 
flightless conditions are not confined to one division of the (Jrd(*r, 
hut are found in all the families and in many of their sub- 
divisions. As the front pair of wings in Orthoptera do not n^ally 
carry out the function of flight, and as they differ in several par- 
ticulars from the hinder pair, or true wings, it is usual to call 
them tegmina. The musical powers of the Orthoptera are confined 
to the saltatorial group of families. The Cursoria are dumb or 
nearly so; it is a remarkable fact that also in this lattm- division 
the alar organs, though frequently pre8en|i, have hut little value 
’ J. Morphol, viii. 1893, p. 64. 
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for flight, and are in some cases devoted to what we may call 
purposes of ornament or concealment. This is specially the case 
in the Phasmidae and Mantidae, where the effectiveness of colour 
and pattern of these parts becomes truly astonishing. The 
tegmina frequently exhibit an extraordinary resemblance to 
vegetable structures, and this appearance is not superficial, for it 
may be seen that the nervures of the wings in their disposition and 
appearance resemble almost exactly the ril)8 of leaves. One of the 
most remarkable of the features of Orthoptera is that a great 
difference frequently exists Ijetween the colours of the tegmina 
and of the wings, i.e. the front and hind wings ; the latter are 
concealed in the condition of repose, but when activity is entered 
on and they are displayed, the individual becomes in appearance 
a totally different creature. In some cases, contrary to what 
usually occurs in Insects, it is the female that is most remark- 
able ; the male in Mantidae and Phasmidae being frequently a 
creature of quite inferior apjiearance and power in Comparison 
with his consort. The musiciil powers of the saltatorial 
Orthoptera are, liowever, specially characteristic of the male sex. 
There is evidence that these powers are of great importance to 
the creatures, though in what way is far from cletir. Some parts 
of the structures of tlie body are in many of these musiciil species 
clearly dcauinated by the musical organs, and are appai'ently 

specially directed to 
securing their effici- 
ency. We find in some 
Locustidae that the 
tegmina are nothing 
l)ut sound - producing 
instruments, while the 
pronotum is prolonged 

Fia. 101. — Poecilimon qfflniA S • Bulgaria. Alar organs tO form a hood that 

only m muHicnl on^n^ The ear on front protects them without 
tibia and aural orifice of protliorax are well shown. ^ 

encumbering their ac- 
tion. In the nudes of the Pneumorides, where the phonetic organ 
is situated on the abdomen, this part of the body is inflated and 
tense, no doubt with the result of increasing the volume and quality 
of the sound. In the genus Methone (Fig. 185) we find a grass- 
hopper whose great hind legs have no saltatorial function, and but 
little power of locomotion, but act as parts of a sound-producing 
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instrument, and as agents for protecting some puts of the body 
in repose. Further particulars of these cases must te lookinl for 
in our accounts of the different groups. 

The eggs of many Orthoptera are deposited in (*apsuli*s or 
cases ; these capsules may contain only one egg, or a great many. 

The Order includes many species of Insects, though in Britain 
it is poorly represented ; we have only about forty species, and 
this small number imdudes some that ai’e naturalised. Only a 
few of the forty extend tlieir range to Scotland. A revision of 
the species found in llritain has recently been made by Mr. 
Eland Shaw.' In continental Europe, eHj)eciaIly in the south, 
the species become more numerous; about 500 are known as 
inhabitants of geographiwil Europe. In countries where the face 
of nature has been less transformed by the operations of man, 
and especially in the tropical parts of the world, Orthoiitera are 
much more abundant. 

Tlie lowest numlier at which the species now existing on th<». 
surface of the cartli can be estimated is 10,000. This, however, 
is probably far under the mark, for the sinalhu* and more obscure 
species of Orthoptera have never Ikhui tlioroughly collected in 
any tropical continental region, while new forms of even the 
largest size are still frequently discovered in the tropics. 

We shall treat the Order as composed of eight families: — 

1. Forficuiulac — Tegniiiia short, wings conijilcxly fohltMl ; l>o(ly 
armed at the extremity with strong forceps, 

2. Jlcniimeridae — Apterous : head oxserted, constricted behind. 

3. Blattidac — Coxae of the legs large, exserted, jirotectiiig 
the lower part of the body. 

4. Mantidae — Front legs very large, raptorial, armed with spines. 

5. Phasmidae — Mcsothorax large as eoniparnd with the pro- 
thorax. 

6. Aeridiidae — Antennae short, not setaceous, of not more than 
30 joints, tarsi three-jointed. 

7. Locnstidac — Antennae very long, setaceous, composed of a 
large number of joints, tarsi fonr-jointcd. 

8. Gryllidae— Antennae very long, setaceous, tarsi two- or tlirec- 
jointed. 

The first five of these subdivisions are amongst the most 
dhstiuct of any that exist in the Insecta, there being no con- 
necting links between them. The three groups forming the 

* Ent, Mo, Mag, xxv. 1889, and xxvi. 1890. 


Series, CuraorUi : I 
hind legs but J 
little (lifTercnt | 
from the others. I 


Scries, SaltaiorUi : 
hind legs elon- 
gate, formed for 
leaping, their 
femora usually 
thickened. 
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Saltatoria are much more intimately allied, and should, taken 
together, probably have only the same taxoiiomic value as any one 
of the other five groups. 

Owing partly to the inherent difficulties of the subject, and 
partly to the fragmentary manner in which it has been treated 
by systematists, it has Ijeen impossible till recently to form any 
clear idea of the chxssification of Orthoptera. During the last 
twenty years Henri de Saussure and Brunner von Wattenwyl 
have greatly elucidated this subject. The latter of these two 
distinguished naturalists has recently published ^ a revision of the 
system of Orthoptera, which will be of great assistance to those 
who may wish to study these Insects. We therefore reproduce 
from it the characters of the trilies, placing the i)ortiou relating 
to each family at the end of our sketch thereof. 


Fam. I. Forflculidae — Earwigs. 

(DKKMAITEUA ok DEKMATOPrERA OF BUAUEIt AND OTHERS) 

rnsccts of elongate form, %cith an imbricate arrayigement of the 

segments of the body ; bearing at 
the posterior extremity a jjaiV of 
callipers or more distorted instru- 
vients. The hind vHngs {when 
present) folded, in a complex 
manner, and covered, except at their 
tips, by a 2>air of short wing-covers 
{tegmina), of a leather-like consist- 
ence, Wingless forms are very 
numerous. The young is veiy 
similar to the adult. 

Although earwigs are said to be 
rare in most parts of the >vorld, yet 
in Europe no Insect is better known 
Fm. 102. --Pj/gidicrana hugeli. than Forficula auricularUi, the common 

earwig, it Imng very abundant even in 
gardens and cultivated places. In certain seasons it not un- 
frequently enters our houses, ih which case it too often falls a 
* Ann. Mita. Genova, xxxiii. (1892). 
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victim to prejudices that have very little to justify tlieni. Tins 
Insect is a good type of the winged earwigs. In the parts of 
the mouth it exhil)it8 the structures usual in the Ortlioptera : 
there is a large lahrum, a pair of maxillae, each provided with two 
lobes and a pal])us consisting of two ve* y sliort l)asjil joints and 
three longer joints beyond these ; the mandibles are strong, with 
curvate pointed extremities ; in the lower lip there is a ligula 
exposed in front of a very large mentum ; it consists of two 
pieces, not joined togetlier along the midtile, luit each l)earing on 
its lateral edge a palpus with two elongate joints ami a short 
l)asal one ; this lip is complettid by tlie lingua, which rei»oses 
on the upper face of the ])art, and comi)letely overla])s and 
protects the chink left by the want of union along the mitblle 
line of tlie external parts of the li]). The antennae are elon- 
gate, filiform, and are l)orne very nmr the front of tht^ exst*rted 
head. There are rather large fat?etted eyes, luit no ocelli. The 
three segments of the thorax are distinct, the prothorax l)eing 
(piite free and capable of movement independent of the jmrts 
behind it : the iiieso- and meta-nota are covereil by the tegmiiia 
and wings ; these latter project slightly from uiidei*neatb the 
former in the shape of small slips, that are often of rather lighter 
colour; the wing-covers are short, not extending beyond the 
insertion of the hind legs, and repose fiat on the back, meeting 
together in a straight line along the middle. Tliese peculiar 
fiat, abbnjviated wing-covers, with small slips (which an* portions 
of the folded wings) projecting a little from underneath them, 
are distinctive marks of the winged Forficulidae. 

The legs are inserted far from one another, the coxae being 
small; each sternum of the three thoracic segments projects 
backwards, forming a peculiar long, free fold, underlapping the 
front part of the following segment. The hind body or abdomen 
is elongate, and is formed of tea segments; the number lemlily 
visible being two less in the female than it is in the male. 
The segments are fitted together by a complex iml)rication, 
which admits of great mobility and distension, while olfcudiig a 
remarkable power of ^resistance to external pressure : each 
segment is inserted far forward in the interior of that ])receding 
it, and each also consists of separate upper and lower jilatiis that 
much overlap where they meet at the sides (see Fig. 10^1). The 
body is always terminated by a pair of horny, pincer-like 
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processes, which • are differently shaped according to the sex of 
the individual. 

The structure of the alxlomeu in the earwig has given rise to 
considerable discussion. In Fig. 103 we reproduce Westwood's 

diagram of it as seen fully distended 
in a female specimen ; in this state the 
minute spiracles can be detected, though 
in the normal condition of the Ixxly 
they cannot be seen, being placed on 
the delicate membranes that connect 
the chitinous plates. Westwood's inter- 
pretation of the structure was not, how- 
ever, quite correct, as the part which 
he considered to be the first dorsiil 
])late is really the second ; so that tlie 

Fig. 103.— Lateral view of For- segments numl>ered 7, 8, 9 in our 
jmUaauricidaiiaU Fenuile figure are really 8, 9, 10. The com- 

abdonicii uistenaed showing ^ ... . , . 

spinieles, 8. and the .small luoii carwig IS interesting as exhibit- 

8th and 9tt <iorfsai imporfect State, tlie union 

(7 and 8 iii Fig.). ” ^ 

of the first dorsal plate of the abdo- 
men with tlie thorax ; a condition which is carried to so 
great an extent in the Hymenoiitera as to quite obscure the 
nature of the parts, and which has conseiiuently given rise to 
much perplexity and discussion. We repre- 
sent tliis structure as seen in the common 
earwig in Fig. 104, where a represents the 
pronotum, h the mesonotum, r the metanotum, 
r? the first,/ the second abdominal segment; 
e being a delicate membrane of considerable 
size that intervenes between the two, and 
which is more exposed than are the corre- 
sponding membranes connecting the subse- fio. io 4.— Dorsal por- 
(luent riiii^s ; a condition similar to that which J"***^*^® 

* ^ , segments of bo<ly of 

IS louml in CimOex, tephus, and some other For/ada auricul- 

Hpiumoptem. 

On the under surface of the abdomen of the 
earwig the full number of 10 plates cannot be superficially dis- 
tinguished ; hut it is found by dissection that in the female the 
short eighth and ninth dorsal rings are joined on the ventral aspect 
by a delicate membrane, while the tenth ventral is of a less delicate 
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nature, and forms a triangular plate at the base of each half of 
the forceps. Between the branches of the forceps tluu(' is a i)er- 
pendicular plate, the pygidium of Orthopterists, jaissibly the 
unpaired terminal portion of the l)ody seen in some embryos, ami 
called the telsoii. The pygidium is a se])arate selerite, tliougli 
it looks as if it were only a portion of the large tenth dorsal 
plate bent downwards, and in some descriptive works is errone- 
ously described as V>eing sucli. 

A very large •numl)er of species of yorficulidac* 
organs of flight undevelo])ed. Fig. lOo represents 
dilatata, an apterous fcuin that is very com- 
mon in tlie Eastern Vyrenees. The condition 
of the meso- and meta-mita — the ])arts from 
which the tegmina and wings are <leveloped, 
and to wliich they are iittached wluui i)resent 

-is very reniarkal)le in these forms, and 

exhibits much variity. In Fig. lOlJ we 
represent tiu; conditi(ms of these parts in 
a few apterous forms. The tegmina ov tlu* 
segnieiit from which they are develo))ed (h), 
are seen in the shape of a ])late which may 
extend all across the middle and be undi- 
vided (Xo. 4) ; in which ease the appearance indicates entire 
absence of the tegmina; these are, on the c<mtrary, evidently ]»resent 
in the form of slips grafted one to each side of tlie second tlioiacie 
segment in Anisulabis (Xo. or they may look like slujrt 

broad slips (‘xtending idl 

ai \ j \a across the body, and niark- 

^ ^ ^ jjj j 1 ing off a picH-e friMpiently 

calledascutelliini, but which 
is I'eally the niesonotum 
(some species of Chdiduru, 

Flo. 106.— Tegmina and wings (visible in part or o) : or, again, tliey 

invisible) of apterous earwigs. 1, CAr/w/i/msp.; '' , ■ 

2, Chtlidum dilatata ; 3, AnMahis vioesta; may bc nearly Irce teg- 

4.A.vianimu. «, First thoracic : 6. mina, Hoiiiewhat similar to 

second ; r, third ; <«, basal |>ortiou of abdomen. 

those of the winged forms ; 
this is the case witli some species of Chelidvra, as represented 
by Xo. 1. This last figure is taken from a species from the 
Sierra Xevada, apparently undescriljed, allied to C. bolivar i 

In the C5ases we are considering no analogous structures exist on 


Fm. 10.'. -Chdiihi 
(HlataUu nmU*. l*yrL*i 
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the metanotum (the part of the body that in the winged forms 
bears the wings, and which is marked c' in our diagrams. Fig. 
106), so that the tegmina are to all appearance less rudimentary 
(or vestigial) than the wings. The metanotum forms a sort of 
flap, called by Fischer^ “ involucrurn alarum”; he considered 
the ])art immediately behind this to be the metanotum; this 
piece is, however, no doubt really part of the abdomen {d in our 
Figure). This is apparently the view taken by Brunner.'-^ The 
structure of these parts is important as bearing on the subject 
of the nature and origin of Insects" wings, a question to wliich 
no satisfactory answer has yet \mm given. The appearances 
we have remarked on are to some extent similar to tlie con- 
ditions existing in the immature state of the organs of flight in 
the common earwig (see Fig. 112, j). 212), but whether the 
varieties presented by the wingless forms liave parallels in the 
immature conditions of the various winged forms is quite 
uncertain, the life-histories of eiirwigs being almost unknown. 

Tlic developed wings of eiirwigs are worthy of attention, 
both as regards their actual structure and the manner in which 

they are folded up in repose. Wlien 
expanded they have a shape curiously 
suggestive of the human ear. Tins chief 
parts of the wing, as shown in Fig. 107, 
A, are a, h, two portioiis of the horny 
piece that forms the scale which covers 
the more delicate parts of the wing 
when it is folded, and which, according 



Fra. 107. — Wiiig of Forjicula 
auriculariii. A, Wiiig ex- 
panded, explniiatioii in text ; 
B| win^ folded and packed. 


to Brunner, represents the radial and 
ulnar fields of the wings of Acridiidae 
and Locustidae (see Fig. 167); c is 
the small apical field limited below 


by the vena dividens; d is the vena plicata whidi runs 
along the under side of the scale as far as the apical field, 
where it gives off the axillary nerves ; c is a vena spuria, or 
adventitious vein such as exists in many other Orthoptera 
with delicate wings. On the front part of the scale, a, and 


on a different plane so that it is not shown in our figure, 
there is a very delicate small band which is supposed to repre- 


^ OrtJwptera Europaca^ 1853, pi. vi. f. 4, p. 434. 

* Morph, Bedexit, Seg, Orthopl. 1876, p. 14 ; and Prod. Orthopt, Europ. 1882, p. 3. 
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sent the marginal field of the v/ing of other Ortlioptera. There 
are, however, grave difficulties in the way of accepting this view 
of tlie earwig’s wing, amongst which we may mention the 
position of the vena dividens and its relation to tlie so-calh?d 
radial and nliiar fields of the wing. The wings are remarkahle 
for their delicacy ; moi'eovei’, the way in which tliey fold up so 
as to he packed in the manner shown in 11, Fig. 107, is vcuy 
interesting, there being, in fact, no other Insects tluit f(»ld up 
their wings in so complicated ami compact a fasliion as tlie 
earwigs do. The pr<x*ess is carried out somewhat as follows : the 
longer radii come a little nearer together, the dedicate membrane 
between them falling into folds somewhat like those of a. ])a]>er 
fan ; a transverse fold, or turn-over. Hum occurs at tlui j joint 
where the radii, or axillary nerves, start from the vena jilicata: 
then a second transverse fold, but in a rt^versed directi(jn, occurs 
affecting the wing just close to the spots where the sliortiu’ 
radial neivures are dilated; then l>y a contraction close to the 
scale the whole series of complex folds and double are brought 
together and compressed. 

It is quite a mystery why earwigs should fold their wings 
in this complex manner, and it is still more remarkable that 
the Insects very rarely use them. Indeed, though Farjicula 
auricularia is s(!arcely surpjissed in numbers by any llritish 
Insect, yet it is rarely seen on the wing ; it is proliable that 
the majority of the individuals of this siKH*ies may never make 
use of their organs of flight or go through the complex pnxress 
of unfolding and folding them. It should be remarked that no 
part of the delicate membranous expanse of the wing is exposed 
wluui the wings are packed in their position of repose ; for the 
portion that projects from under the tegmina — and wliich, it 
will be remembered, is always present, for when wings exist 
in earwigs they are never entirely concealed by the tegmina — 
is, it is curious to note, of hard texture, and is imiucmtly coloured 
and sculptured in harmony with the tegmen ; in fact, one small 
part of the wing forms in colour and texture a most striking 
contrast to the rest of the organ, but agrees in these resj>ects 
with the wing-covers. This condition is seen in Fig. 108, 
where B shows the sculpture of the tegmina t, and of the 
jirojecting tips of the wings w’. There are numerous other 
instances in Orthoptera where one part of a wing or wing-case 
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is exposed and the other part concealed, and the exposed portion 
is totally difterent in colour and texture from the concealed 
portion. 

The wings of earwigs are attached to the body in a very 
unusiuil manner ; each wing is continued 
inwards on the upper surface of the 
inetanotum, as if it were a layer of the 
integument meeting its fellow on the 
mesial line ; the point of contact forming 
two angles just behind the metanotuni. 

Some writers have considered that the 
tegmina of earwigs are not the homologues 
of those of other Orthoptera, but are really 
tegulae (cf Fig. 56, p. 103). AVe are not 
aware that any direct evidence has been 
])roduccd in support of this view. 

The pair of forceps with which the 
body is armed at its extremity forms 
another character almost peculiar to the 
earwigs, hut which e.xists in the genus 
Jap)/x of the Tliysanura. These forceps 
different genera of the 
line of the ln.sect ; B, family ; they sometimes attain a large size 
wh.'^"“;/./’showing“’u,i^^ «8suine very extmordiuiuy and <li,s- 
similar seuiiitiire. tortcd sliaj^es. They are occasionally used 

by the Insects as a means of completing the process of packing 
up the wings, but in many specdes it is not prol)able that they 
can 1)0 used for this purpose, l>ecause their great size anil peculiarly 
distorted forms render them unsuita1»le fur assisting in a delicate 
process of arrangement ; they are, too, always present in the wingless 
forms of the family. * Their imi)ortance to the creature is at 
present quite obscure ; we can only compare them with the 
horns of I.amellieoni Coleoptera, which have hitherto proved 
inexplicable so far as utility is concerned. No doul>t the 
callipers of the earwigs give them an imposing appearance, ami 
may be of some little advantage on this account ; they are not 
known to be used as offensive instruments for fighting, hut tliey 
are occasionally brought into play for purposes of defence, the 
creatures using them for the infliction of nips, which, however, 
are by no means of a formidable character. 
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These forceps are, in the case of the comiuou earwig — and they 
have not been studied from this point of view in any other 
species — remarkable, liecause of the" great variation in their 
development in the male, a character which again reminds us 


of the horns of liimellicorn lM."etles: in the female they 


comparatively invariable, as is also the 
case in the few species of Ijimcllicornia, 
which possess horned females. A and 
B in yigure 109 represtuit the forcejjs 
of different males of the (*onnnon earwig, 
C sliowing those of the other sex. The 
subject of the variation of the male 
callipers of the earwig has 1)een con- 




siderecl by llessrs. Ba.l(\son and Brind- 
ley,^ who examined 1000 si>ecimens 
captured on tlie same day on oiui of tlie 


Fio. 109. — FftVfOps of 
coininon earwig: A, of lar^o 
mult* ; B, of small miilu ; 

C, of fuiimlti. 


Fame islands olV the coast of Northuml)erlaml ; 583 of these wen* 


mature males, and the i)iiicers were fouiul to vary in length 
from aliout mm. to 9 mm. (A and B in Fig. 109 repre- 

sent two of the more extreme forms of this set of individuals.) 
Specimens of medium size were not, as it might jxnliaps have 
Ijeen exjxxded they would lx?, the most common ; there were, 
in fact, only about 12 indivhlual.s having the ftaceps of tin* 
medium length“4J to mm., while there were m> less than 
90 individuals having forceps of a length of about 7 mm., and 
120 with a length of from 2^ to 3j. Males with a. medium 
large length of the organ and wdth a medium small lengtl) 
thereof were the most abundant, so that a sort of dimm’idiism 
was found to exist. Similar relations \vere detected in the 


length of the horns of the male of a Lamellicorn beetle examined 
by these gentlemen. In the case of the set of earwigs we have 
mentioned, very little variation existed in the length of the 
forceps in the female sex. 

In many earwigs — including F. auricularia — there may be 
seen on each side of the dorsiil aspect of the true hairth, or of the 
fourth and neighbouring segments of the hind body a small 
elevation, called by systeruatists a plica or fold, and on examina- 
tion the fold will be found to po.sst*ss a small orifice on its 
posterior as|)ect. These folds are shown in Figs. 10t5 and 108; 


* Proc, ZtHfl, Sue. Londo^tf 1892, p. 586. 
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they have been made use of for purposes of classification, though 
no functional imix)rtance was attached .to them. Meinert, 
liowevcr, discovered ^ that there are foetid glands in this 
situation, and Vo8.seler has recently shown - that folds are 
connected witli scent-glands, from which i)roceed," in all pro- 
hal)ility, the jKJCuliar odour that is sometimes given off by the 
earwig. The forms destitute of the folds, e.g. Lalidura, are 
ecinsidered to have no scent glands. There is a very peculiar 
series of sincKith marks in the ciirwigs on the dorsal aspect of 
the abdominal segment.s, and these are present in tlie glandless 
forms as well as in the othens. 

The internal anatomy has l^een to some extent investigated 
by ])iifour and Meinert. Dufour dis- 
sected K auricularia and Lahidura rijiaria, 
and found ^ that wiUvary glands exist in 
the latter Insect (called by him Forjicula 
(jitjanten), though ho was unable to discover 
them in the common earwig. According 
to Mtdnert,** there are, however, salivary 
glands allixed to the stipes of the inaxillaii 
in F, auricularia, while (in addition 0 L. 
riparia possesses very elongate glands seated 
in the middle or posterior })art of the breast. 
The alimentary canal is destitute of con- 
volutions, but ot^sophagus, crop, and gizzanl 
all exist, and the intestine behind the 
stomach consists of three divisions. The 
Malpighian tubes are numerous, 30 or 40, 
elongate. The respiratory system is 
not highly developed. Earwigs — the Euro- 
pean species at least— have, as already mentioned, very small 
powers of flight ; the tracheal system is correspondingly small, 
and is destitute of the vesicular dilatations that are so remarkable 
in the migratory I..ocusts. 

The three thoracic spiracles ^ are readily observed in living 

' XaOtrki^ori^ TUIsskri/f, 3rd ser. ii. 1863, p. 475. 

^ Arch, mikr. Amt. xxxvi. 1890, p. 56%'i. 

’ Ann, Sci, Xat, xiii. 1828, p. 337. 

* Xahtrhistorisk Tidsakrift, 3rd ser. ii. 1863, p. 475. 

’ Some writers are of opinion that there are only tiro thoracic spiracles in Insects, 
considering tho third as belonging really to the aMonien. Looking on the ]K>int as 
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individuals. There are seven j^iiirs of ahdoniinal ,si)iriules, wliieh, 
however, are very xnimite, and can only he found hy distending 
the body as shown in Fig. lOo. Tlie ventral cliain consists of 
nine gangliji (the sub-oesophageal centre is not alluded to hy 
Dufour) ; the three thoracic are equidistant and rather small : 
the hindmost of the six abdominal ganglia is considerably larger 
than any one of the other five. 

The ovaries of Lahuhim riparia and Forjlvuln. aunculariti an^ 
extremely diflerent. In Z. riparia there ui 
tubes, each terminating separately in an 
obliquely directed lateral ])art of the 
oviduct. In F. aurirularia there is but j 
one tube on each side, but it is covered J 
by three longitudinal serie.s of very slua-t j 
sub-sessile, grajie-like bodies, (‘ucli of the I 
two tubes being much dilated liehind the i 
jMjint where these Iwidies ceast\ 

The testes in earwigs are peculiar and i 
simjde ; they consist, on eacli side, of a 
pair of curvate tuliular bodies, connected ' 
at their bases and i)r(donged outwards in 
tlie form of an elongate, slender vas de- 
ferens. The structiux\s in the males of 
several siiecies have been descriljed at 
some length by Meinert,^ who finds that 
ill some species a double ejaculatory duct 
exists. 

The young is similar to the adult in 
form ; in the winged forms it is always 
easy to distinguish the adult by the full 
develojiment of the wings, but in the 
wingless forms it can only lie decided 
with certainty that a sjiecimen is not adult l)y the softer and 
weaker condition of the integuments. Scarcely anything ajipears 
to be known as to the life- history, except a f(.*w ob.scrva- 
tions that have l>een made on the common earwig ; (Aimerano 
found “ that this Insect has certainly three ec<lyscs, and possil»ly 
at present cbieily one of nomenclature, wc make use of the more u»ual xnotle of 
expression. 

^ As on last l>age, and also op, cU. v. 1868, p. 278. 

^ Bull. Ent, Bat. xii. 1880, p. 46. 


^ on each side five 



3, ni. - Ovaries of Lain- 
third rijMiria, A ; nud /«'/•■ 
Jicula nuricnhiria^ B. 
(After Dufonr.) 
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an earlier one which he failed to notice, and his observa- 
tion confirms the vague previous statement of Fischer. The 
eggs, in the neighbourhood of Turin, are deposited and hatched 
in the early spring ; in one cfise they were laid on the 10th 
March, and the Insects issuing from them had completed their 
growth and were transformed into perfect Insects on the 22nd 

May. In the immature state the 
alar structures of the future imago 
may be detecteil. The tegmina-lK?ar- 
ing sclerites, t. Fig. 112, look then 
somewhat like those of some of the 
apterous fi>rnis (Fig. 106) and, as 
shown in A and B, Fig. 112, do not 
Fio. 112.— Notal plates from whicli iliffer greatly ill the earlier and later 
the teKiiuiia anU wiuks ot /ur/i- stages. The wings, liowever, chan<j 

young, A, ami more luivaueed, B, iiiiich more tliaii the tegiuiiia do ; 

at first (Fig. 112, A) there is 
but little difference lictween tlie two, thougli in the interior of 
tlie wing-flap some traces of a radiate arrangement can l>e seen, 
as shown at W in A, Fig. 112; in a subsequent condition the 
wing-pads are increased in si/.e and are more divided, the appear- 
ance indicating that the wings themselves are ])reseiit and packed 
a.l)out a centre, as shewn in JV of B, Fig. 112. 

In the young ef the common earwig the nuinVier of joints ^ in 
the antennae increases with age. Camerano, /,r., swiys that before 
emergence fnuu the egg there are apparently only 8 joints in the 
antennae, and Fischer states that the larvae of imrictilaria 


have at first only 8 antennal joints ; later on 12 joints are 
eonunonly found, and, according to Bateson,- this number 
occasifuially persists even in the adult individual. Meinert says^ 
that the newly hatcherl ForficuJa has either 6 or 8 joints, and 
he adds tliat in the later portion of the preparatory stage the 
number is 12. Consiilerahle discrepancy prevails in lx)oks as to 
the normal iiuml»er of joints in the antennae of the adult 
auriculnria, the statements varying from 13 to lo. Tlie latter 
number may bi* set aside as Erroneous, although it is, curiously 


^ It may bo wortU while to rc|H^at that ** joint " means a piece, and is the 
equivalent of “ link ’* in a chain. 

* MaUriaU for the Sludit of J^anafion, 1894, p. 413. 

* Katurhisl, Tids^rifU 3rd ser. ii. 1863, p. 474. 
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enough, the one given in the standfird works of Fischer, Ih'unner, 
and Finot. Meinert gives without hesitation 14 as the number; 
Ifeiteson, /.(*,, found that 14 joints occurred in 70 or 80 per cent 
of adult individuals, that 13 was not uncommon, tliat 12 (»r 11 
^)ccasionally occurred, and that the nund'i'r may dilfer in tlie two 
antenmu; of the stinie individual. Thcsi' variations, which seem 
at first sight very rtunarkjible, may with probability l)e enn- 
sidered as due to tlie fiict that in the young state the number 
of joints increases with age; and tlait tlie organs are so fragile 
that one or naire of tlie joints is very freipiently then lost, the 
loss being more or less completely repaired tluring tlu» sn]>se- 
qaent development. Thus a tlisiurbing agency exists, so that tlie 
normal niimljcr «.»f 14 joints is often departed fnan, thongli it 
appears to be really natural for this species. Bateson has also 
pointed out that when the normal number of articulations is not 
ju'esent, the relative ] apportions of joints 3 and 4 are much <lis- 
turlusl. It is, however, probable that the incn‘ase in number of 
the joints takes place l)y division of the thinl or thinl and fourth 
joints following previous growth tluu’cof, as in Termitidae; so 
that the variations, as W’as suggested by Bateson, may bt» dut*. to 
niutilali(ai of tlie antennae, and ctai.seipient inconipl(*tion of the 
normal form of the jiarts from which the renovation takes place; 
growth jueceding segmentation — in some cases the growth may 
l»e like that of the adult, while the st?gmentation remains more 
incomjilete. In the young the forcejis of the two sexes dilfer but 
slightly; the form of the abdominal rings is, on the contrary, 
according to Fischer, already diflerent in the two sexes in the 
carlv stage. 

The common earwdg has a very bad reputation with ganlencrs, 
who consider it to be an injurious Insect, lait it is probable that 
the little creature is sometimes made the scapegoat fa* damage 
done by other animals; it appears to I)e fond of .sweets, for it 
often makes its way to the interior of fruits, and it no donht 
nilibles the petals, or other delicate ]Mirt.s of tlowm-s and vegetables. 
Camerano, how’ever, states, /.(*., that the specimens be kept in 
confinement preferred dead Insects rather than tbe. fruits he 
offered them. Itiihl considers the earwig to he fond of a car- 
nivorous diet, eating larvae, small snails, etc., and oidy attacking 
flow'ers wdieu these fail.^ It has a great propensity fur concealing 
^ Jilt. Schweiz, rat. Ges. vii. 1887, i». 310. 
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itself in places where there is only a small crevice for entry, and 
it is {Missible that its jiresence in fruits is dhe to this, rather than 
to any sjtecial fondness for the sweets. This habit of concealing 
itself in chinks and crannies in ol)8Cure places makes it an easy 
matter to trap tlie Insect by placing pieces of hollow stalks in 
the situations it affiwts; inverUsl flower-pots with a little hay, 
straw, or paper at the top ai'c also effectual traps. We have 
remarked that it is very rarely seen on tlie wing, and though it 
has ls!en suppoasl to fly more fively at night there is very little 
evi<lence of the fact. Anotlier Itritish Rjiccnes, Lnhia minor, a 
smaller lusec:t, is, Imwever, very commonly seen flying. 

Earwigs ha\e tlie reputation of lieing fonil of their young, and 
(.’ainerano <le.s(jril>es the female of the common earwig as ciirefully 
collecting its eggs when 8(.:attereil, lifting them with its mandililes 
and placing tliem in a heap over which it al'terwards hromled. 
De (Jeer* more than a ctmtury ago ohstsrved a fondness of the 
mother for the young. After the eggs were hatched, (Jamerano’s 
individual, however, evince<l no interest in the young. A larger 
sp(*cies, Liihithtrii npuna (Kig. 110) is .said to move its eggs from 
jjlaee to place, so as to keep them in situatitms favomiiide for 
their development. 

The name “ earwig ” is said to he due to an idea that these 
creatures are fond of jienetrating into the ears of persons when 
asleep. Hence tlu'su Insects were formerly much dreaded, owing 
to a fear that they might iienetrate even to the hruin. There 
»loes not apjiear to lie on rcs-ord any ocxuirrence that could jiustify 
such a di-ead, or the Kdief that th(>y enter the ears. If they 
do not do so, it is certainly a, curious fact that a sinxn-stition of 
the kind we have mentioned (ktius in alnuist every countiy 
where the common earwig is nlmndant; for it has, in most 
jiarts of Kuroyie, a jsipular name indicating the jnevalence of 
some, such idea. It is known as Ohrfti-wnrm in (lerman, as 
pcrce-orfUle in French, and so oiu The exysuided wing of the 
earwig is in shayie so very like the human ear, that one is 
tempted to supyiose this resemhlance may in former ages have 
given rise to the notion that the earwig has some connexion with 
the human ear ; hut this explanation is rendeivd very improlmhle 
by the fact that the earwig is scarcely ever seen with its wings 
expanded, and that it is a most diflicult matter to unfold them 
> ittm. hi»t- Insedta, iiu 1773, p. 548. 
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artificially, so that it is very unlikely that the shaiH* of tlie wings 
should have lieeii observed liy untutored poples. 

The group Forficulidae st^eins to l»e nu»st ricli in species in 
warm and tropical regions; several unwinged s[H;cie8 are met 
with in the luountainous districts of FuroiKJ ; indeed, in some 
s])ots their individuals are extremely numerous under stones. In 
Britain we have a list of six six^eies, but only two of these are 
to be met with; the oth(*rs have probably becMi introdiiceil liy 
the agency of man, and it is doubtful whetluu* more than one 
of these immigrants is actually naturalised here. One of these 
doubtfully native specues is the fine Lahulvra riparia (Fig. 1 10), 
which was formerly found near Bnurnemouth. Altogi'ther alsuit 
400 species of earwigs are km)wu at tlie. ])re.seiit time, and 
as they are usually much neglectetl by Tusect collectors, it is 
certain that this number will be very largely increawMl, so that 
it would l»e a moderate estimate to t>ut the numbei* of existing 
species at about 2000 or oOOO. None of them attain a very 
largt? size, pHalis nmerkann iHung one of the largest and 
mo.st rolaist of the family; a few <li.si)lay brilliant colours, and 
SOUK' exhibit a colour ornamentation of the surface ; tlieiv are two 
or threi^ S])e(*ieH known that disjday a general resemblance to 
Insects of other Orders. The remarkal»h; (‘arwig re]m‘sented in 
Fig. 102 (and which aiijK^ars to Ixj a muid(*Hcript form — either 
s])ecies (»r variety — (do.sely allied to J\ luitnnorlnniiht) was fiaind 
by Baron vcui lliigel mi the mountains of »Iava ; the fmiiora in 
this Insect have a Inoad fare which is turned upwards instead of 
outwards, the legs taking a ]K*culiar ])ositiou ; and it is curious 
that this exposed surface is ornameiitcil with a jiattern. TIa*, 
feature that most attracts attention on inspecting a collect ion of 
earwigs is, however, the foireps, ami this is the most marked 
collective character of tin* group. Thesi*. curious organs exliilut 
a very great variety; in some cases they are as long as the wholt* 
of the rest of the bodj', in othei’s they are pn^vided with tynes ; 
sometimes they are (juite asymmetrical, as in AnianJahlH huinmnird 
(Fig. 113); in Oinsthnrouynia eerripyun, and many others they 
are curiously di.storted in a variety of ways. Th(‘ classification 
of the earwigs is still in a rudimentary state ; the number of 
joints in the antennae, the form of the feet, and (in the terres- 
trial forms) the shape <jf the rudimentary wing-cases and wings 
being the characters that have been made most use of by systc- 
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matiBts; no arrangement into sub-families or groups of greater 
importance tlian genera is adopted. 

The only particulars we have as to the embryological develop- 
ment of the earwig are due to Heymons.^ The forceps spring 
from the eleventh abdominal segment, and 
represent the cerci ()f other Orthoptera. An 
egg-t(M)th is found to be present on the 
liead for piercing the egg-shell. The embryo 
reverses its curved position during the de- 
velo])ment, as other Orthoptera have been 
observed to do, but in a sfaiiewhat different 
manner, analogous to that of the Myriai)ods. 

Several fossil Fiuficididae are known ; 
specimens l)elonging to a i)eculiar genua 
have been 4lescriljed from the Lower Lifts of 
Aargau and from tlu^ Jurassic stnita in 
Efisterii SilH‘ria, hut the examples appar- 
ently are not in a very siitisfaetory state of 
lireservation. In the Tertiary formations earwigs have been 
found more frer[uently. Scudder has described eleven species of 
one iieculiar genus fr<»m tlu? Laver iliocene beds at Florissant in 
( Vilorailo ; some of these sjiecimens liave been found with the 
wings expanded, and no iloubt that they were fully developed 
Korlieulidaeean exist. The fossil sjfccies of earwigs as yet known 
do not display so remarkable a development of the forceps UkS 
existing forms do. 

llrauer and others treat the K^aficididae as ji separate Order 
of Insects — .1 )ermaptera — hut the only structural characters 
that cun he pointed out as s^H'cial to the group are the peculiar 
form of the ti‘gmiua and hind wings — which latter, as we have 
sfiid on p. 206, are considere<l by s^une ti» be formed on essentially 
the Sfime plan as those of other Orthoi)tera — the imbrication of 
the segments, and the foreeps terminating the l)ody. The develop- 
ment, so far as it is l;nown, is that of the iiormal Orthfjptera. 
Thus the Forficnli«lfie are a very distinct division of Orthoptera,, 
the characters that separate them being comparatively slight, 
though there are no intermediate frmiis. Some of those who treat 
tlie I)erinaptera as a sub -Order equivalent to the rest of the 
divisions of the Order, call the latter combination Euorthoptera. 

^ SB, Oes, mtvif, Fr, Berlin^ 1893, p. 127. 
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Fam. II. Hbmimeridae. 

Apterous, hlind Insects with ejcserted head, having a comtricted 
neck, mouth jdaerd quite in/eriorly ; the 
thoracic nota large, imbricate. Hind 
body elongate, the segments imbricate, the 
dorsal plates being large and overlapping 
the ventral; the number of risible seg- 
ments being different according to se^e : 
a pair of long unsegmented cerei at the 
extremity. Coxae small, widely stpar- 
ated. Development intra-uteri ne. 

In describing the labium of Mandibulata, 
p. 97, we alluded to the genua Herninierus as 
rej)utcd to possess a most i^eculiar muutl). 

When our remarks were made little was 
km»wu about this Insect ; but a verv valuable. 
l)ai)erVljy JI- Hansen on it lias since 
ajipeared, coirecting some err«irs and supply- 
ing us with intbrmatioii on numerouH points, 

M de Saussure described the Insect as iiossess- iTmimcn,s 

ing two lower lips, each l)earing articulatc*d /(f///.<rf'/i/,feinult^. Afriin, 

])aipi, and he therefore proposed to tn‘at Hansuu.) 

Hemimerus as the representative of a distinct Order of Insects, 
to be called Diploglossata. It now appears tluit the talented 

,1 r y Fic;. 11.5. — Under side of licjul mid 

front of ]»rothorax of Jinn i merits, 
baHc of antenna ; ft, articulation 
of aiitmiiia ; c, labruiii ; U, num- 
ilible; €, condyle of inandilde ; /, 
articular meinbrane of mnndiblc ; 
(/, .stipes of iiiaxilla ; //, exterior 
lobe ; i, palpiiH of maxilla ; «ub* 
nicntiiTii ; I, rneiitum ; m, terminal 
lobe of labium ; n, labial palp ; o, 
])late between sul>mcntu]ii an<l ster- 
num ; p, jirosternnni ; //, cervical 
sclerites. (After llau.sen.) 

Swiss entomologist was in this case deceivetl by a l>ad prejmra- 
tion, and tliat the mouth sliows but little dejiarlure from the 
< ordinary mandibiilate tyjie. There is a large inllexed lubrum ; 
> JTaf. fidd-e, 1894, p. 65. 
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the mandibles are concealed by the maxillae, but are large, com- 
pressed, and on their inner edge toothed. 'The maxillae arc well 
developed, are surmounted by two lolies and bear five-jointed palpi. 

Tlie ligula appears to be broad and 
short, and fijrmed of two parts longi- 
tudinally divided ; the short palpi 
consist of three segments. The inen- 
tum is very large. The lingua is 
present in the form of a free pulxjscent 
lol)e with a smaller lobe on. each 
side. The structure of the pleura is 
not fully understood ; that of the 
abdomen seems to be very like the 
earwigs, with a similar dilTerence in 
the sexes. The cerci are something 
like thos(*, of (Iryllidae, being long, 
flexible, and unsiigmented. The legs 
have rather small coxae, and three- 
jtuuted tarsi, two of which are 
denst'ly studded with fine hairs 
It is difficult to detect the stigmata, 
liut Dr. Hansen l)elieves there are ten pairs. 

The species descrilwd by Dr. Hausiui as H, talpokha is prob- 
ably distinct from that of Walker, though both come from 
equatorial West Africa. Dr. 
llanstui’s species, which may 
be called IL hnnseni, has 
been found living on the 
body of a large rat, Cnve- 
tomys ffiimhianus ; the In- 
sect occurred on a few speci- 
mens only of the mammal, 
but when found was present 
in considerable numl)ers ; it 
runs with rapidity among 
the hairs and appai-ently 
also springa The nature of 
its food is by no means clear, 

Not the least remarkable fact in connexion with this peculiar 
Insect is its gestation. The young are borne inside the mother. 


. Fio, 116. — Foetus of Hemimervs, 
(Atter HanHH).) a, Autenua; 
organ from tlie neck ; t\ cerci ; r/, 
nMttubrarie (?cast skins). 

teneatli, as in Ooledptera. 




Africa. (After 
A, Upper ; B, under surface. 
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api>arently about six at a time, the larger o\w V»eing of course 
the nearest to the orifice. Dr. Hansen thinks tlie young 
specimens are connected witli the walls of the maternal passtiges 
by means of a process from the neck of ejieh. But the details of 
this and other points are insufficiently H;>certained ; it is, indeed, 
difficult to understand how, with a prwess of the kiiul of which 
a fragment is shown in Fig. 116, ?>, the Insect couhl fix itself 
after a detachment for change of position. The young is mid 
to be very like the adult, but with a simpler structure of the 
antennae and abdomen. On the whole, it apix^ars proliahle that 
Jfemimerus is, as stated by Dr. Hansen, a special family of 
Orthoptera allied to Forficulidae ; further information bot h as t(» 
structure and develojmieiit are, however, recjuirtMl, as the material 
at the disposition of the Swedish entomologist was very small. 
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OKTHOPTSRA CONTINUED — BLATTIDAE, COCKROACHES 

ram. m. Blattidae — Oockroaohes. 

Orthoptera with the head dejlexcd, in repose concealed from above, 
heiwj flexed on to the undersurface with the anterior part 
directed haehmrds. All the eoxac large, free, entirely cover- 
ing the stertud surfaces of the three thoracic segments, as well 
as the base of the abdomen. The sternal sclerntes of the 
thoracic segments little derelopcd, being weak arul consisting 
of pieces that do not form a continuous exoskeleton ; tegmina 
and’ wings extremely variolic, sometimes entirely absent. 
The wings possess a definite anal region capable of fan-like 
folding ; rarely the wing is also transversdy folded. The 
three pairs of legs differ but little from one another. 




Fig. 118. — Heierogamia 
aegyptittca. A, male ; 
B, female. (After 
Brunner.) 


The Blattidae, or cockroaches, are an extensive family of 
Insects, very much neglected by collectors, and known to the 
ordinary observer cliiefly from the fact that a few species have 
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become naturalised in various parts of the world in the houses of 
man. One such species is abundant in Britain, and is the 
" black beetle ” of popular language ; the use of the word beetle 
in connexion with cockroaches is, howeve^j entoinologically in- 
correct. One or two members of the family are also well known, 
owing to their being used as the “ corjxwa vilia ” for students 
commencing anatomical investigation of the Arthropoda ; for this 
purpose they are recommended by their comparatively large size 
and the ease with which an abundant supply of si^ieciinens may 
always be procured, but it must be admitted that in some respects 
they give but a poor idea of Insect-structure, and that to some 
persons they are very repulsive. 

The inflexed position of the head is one of the most character- 
istic features of the Blattidae ; in activity it is jmrtially ivUavsed 
from this posture, but the mouth does not appear to lie capable 
of the full extension forwards that 
is found in other Insects that index 
the head in repose. The Libiiun 
is deeply divided, the lingua forma 
a large ^obe reposing on the cleft. 

The maxillary palpi liave two ba»il 
short joints, and three longer 
joints ijeyond these; the labial 
palps consist of three joints of 
moderate length. The under- 
surface of the head is formed in 
large part by the submentum, 
which extends back to the occipital 
foramen. 

The front of the hea<l is the 
aspect that in repose looks directly 
downwards; the larger part of it 
is formed by the clypeus, which is 
separated from the epicraniuiu 
by a very fine suture angulate 
in the;^ middle ; there is a large many-facetted eye on eacli 
side; hear to the eye a circular space serves for the inser- 
tion of the antenna; close to this and to the eye there 
is a peculiar small area of paler colour, frequently membranous, 
called the fenestra, and which in the males of Cvrydia and 



Fio. 119. — Un«ler-«urface of 7Vr/- 
jflaneta uvi/tralastae, c, Coxav. 
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Heterogamia is i«place(l by an ocellus. The antennae are very 
elongate and consist of a large nunilier of -minute rings or joints, 
frequently about 100. The head is not' inserted directly in the 
thorax, as is the case in so nmny Insects ; but the front of the 
thorax has a very large opening, thus the neck between it and 
the head is of more than usual importance; it includes six 
cervical sclerites. 

The pronotum is more or less like a shield in form, and 
frequently entirely conceals the head, and thus looks like the 



most anterior part of the body ; usually 
it has no iiuirked angles, but in some of 
the apterous forms tlie hind angles are 
sharp and project backwards. In contrast 
to the pronotum the prosternum is small 
and feeble, and consists of a slender lateral 
strip on each side, the two converging 
liehind to unite with a median piece, the 
prosternum proper. None of these pieces 
of the ventral aspect of the prothorax are 
ordinarily visible, the side -pieces being 
covered by the indexed head, and the 
median piece by the gresit .coxae. In 
some of the winged Illattidae {Blahern, e.g.) 


Fro. 120. — Base of front leg 
and portion of prothorax 
of Blabera gigantea,. a. 
Under-side of pronotum ; 
bf fold of pronotnin?; r, 
epimeron?; (i,epi8temum ?; 
e, trochantin ; /, coxa ; 
g, trochanter ; A, base of 
femur ; ^ jiresumed Hen^e 
organ. 


there is at the base of each anterior coxa 
a small space covered by a more delicate 
membrane, that suggests the possibility 
of the existence of a sensory organ there 
(Fig. 120, i).' At the base of — above 
and l)ehind — the front coxa the pro- 
thoracic spiracle is situate. 


The meso- and meta-thoracic segments differ but slightly from 
one another; the notal or dorsal pieces are moderately large, 
while the sternal or ventral are remarkably rudimeutar}^ and are 
frequently divided on the middle line. Connected with the 


posterior part of each sternum there is a piece, bent upwards, 
called by some anatomists the furca; when the sterna are 


divided the furca may extend forwards between them ; in other 


^ This enigmatic structure is similar in position to the aural orifice of Locustidac 
(see Fig. 101) ; but it is closed by a transparent membrane, whereas the ear oritico 
of Locustidae is, as we sliaU subsequently see, quite open. 
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cases it is . so obscure externally as to leave its existence in some 
doubt. 

The sterna in Blattidae are remarkable for their rudimentary 
structure. This is probably correlated with the great develop- 
ment of the coxae, which serve as shields to the lower part 
of the body. Tlie pieces of the sterna are not only small, but 
are also of feeble consistence — semi-membranous, in fiict — and 
appear like thicker jicrtions of the more extensive and delicate 
membrane in which they are situate; they sometimes ililfer 
cfuisiderably in the sexes of the same species. The coxae, have 
very large bases, and between them and the sterna arc some 
pieces that are grooved and jdicate, so that it is not easy to 
decide as to their distinctions and homology (Fig. 120). The 
second breathing orifice is a slit jdneed in a hoi ny area in the 
membrane between the middle and hind coxae. 

The leg.s are remarkalde for tlie large and numerous spines 
borne l.)y the tibiae, and frc<|uently als«» by the femora : 
tlie trochanters are distinct and of moderate size : the 
tarsi are five - jointed, frequently the basal four joints are 
furnislied with a pad heneatli ; tlie fifth joint is elongate, 
bears two claws, and frequently lietween these a jiro- 
jecting lobe f»r arolium ; this process scarcely exists in the 
young of Stylopyga orieniidis, the common ccK'kroach, though 
it is well developed in the adult. The hind body or alKh>men 
is always large, and its division into rings is very visible, but the 
exact number of these that can lie seen varies according to age, 
sex, species, and to whether the dorsal or ventral surfiwe 
examined. The differences are chiefly line to the retraction and 
inflexion of the apical segments; the details of the furm of thesci 
[>arts differ in nearly every species. It is, however, considered 
that ten dorsal and ventral plates exist, though the latter are 
nut so easily demonstrated as the former. The basal segment is 
often much diminished, the fir^t dorsal plate being closely con- 
nected with the metanotiim, w’hile the first ventral may l)e still 
more rudimentary; much variety exists on this iM>int. In the 
female two of the ventral terminal plates are frequently inflexed, 
so as to- be quite invisible without dissection. From the sides of 
the tenth segment spring the cerci, flat or compressed pnxiesses 
very various in size, length, and form, usually more or less 
distinctly jointed. Systematists call the seventh ventral plate of the 
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female the " lamina subgenitalis or the “ lamina Bubgenitalis 
spuria,” the concealed eighth plate being, in this latter case con- 
sidered the true subgenital plate. In the male this term is 
applied to the ventral plate of the ninth segment, the cori’e- 
sponding dorsal plate being called the "lamina supra-analis.” 
These terms are much used in the systematic definitions of the 
genera and larger groups. 

The males, in addition to the cerci alluded to as common to 
both sexes, are provided on the hind margin of the lamina 
subgenitalis with a pair of slender styles. These are wanting 
in the females, but in the common cockroach the young in- 
dividuals of that sex are provided, like the male, with these 
peculiar organs. M. Peytouroau lias described^ the mode of 
their disappearance, viz. by a series of changes at the ecdyses. 
Cholodkovsky, who has examined the styles, considers them 
to be embryologically the homologues of true legs.* These 
styles are said not to be present in any shape in some species — 
Eciohia, Paimthia, etc. ; this probably refers only to the adults. 
In some cases a curious condition occurs, inasmuch as one of 
the two styles is absent, aud is replaced by a notch on the 
right side, thus causing an asymmetiy^ — Phyllodroviia, Temnop- 
ttryx, etc. 

It has been found in several species that there are eight pairs 
of abdominal spiracles, making, with the two thoracic, ten pairs 
in all. The first of the abdominal spii'ocles is larger than the 
others, and in the winged s^>ecies may be easily detected by 
raising the tegmina and wings, it Ijeing more dorsal in position 
than those following, which are in some species exposed on the 
ventral surface owing to the cutting away of the liind angles of 
the ventral plates ; but the terminal spiracles are in all cases difli- 
cult to detect, and it is possible that the number may not be' the 
same in all the species of the family. The cerci exhibit a great 
deal of variety. In the species with elongate tegmina and wings 
the cerci are elongate, and are like antennae in structure ; in 
many of the purely apterous forms the cerci appear to be entirely 
absent (c£ Fig. 130, Gromphadorhina), but on examination may 
be found to exist in the form of a small plate, or papilla scarcely 
protuberant. In the males of Heterogamia they are, on the 


' Bev. Uct. Iferd Fnmee, viL 1894, p. 111. 

* Ann, Nat. ffitl. Vtct, 6th, wr. z. 1893, p. 433. 
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contnuy, very like little antennae ; in the iiuwingeil females of 
this genus they are concealed in a chink existing, on the under- 
sorfisce of the apex of the body. 

The alar organs of Blattidae are of considerable interest from 
several points of view. They exist in various conditions as 
regards size and development, and in some forms are very large ; 
each tegmen in some species of the genus Maiera (Fig. i:)2) may 
attain a length of nearly three inches ; in other cases wings and 
tegmina are entirely absent, and various intermediate conditions 
are found. In Fig. 121 we give a diagram of the tegnien nr fi-ont 
wing, A, and the hind wing, B, to explain the principal nervurcs 
and areas. The former are four in number, and, adopting 
Brunner’s nomenclature ^ for ^ 

them, are named proceeding 
from before backwards medi- 
astinal, a ; radial, h ; infra- 
median (or ulnar), c ; and 
dividens, d. An adventitious 
vein, vena spuria, existing in 
the hindNvings of certain genera 
is marked ^ in B. 

The vena dividens is 
great importance, as it marks 
off the anal or axillary field, 
which in both tegmen and 
wing has a different system of 
minor veins from what obtains 
intherestofthe organ; the veins Fio. 121.— Diagram of tagmen, A, ami 

Kaino in onfnninn nu-inn wlog, B, iH BUltWae. NerTUFea ! O, llietli- 

being in the anterior region «. uluar or infra- 

abundantly branchingand dicho- mediwi ; rf, dividens ; sp, spuria. Areas ; 

1QO^ mediastinal or marginal; 2, sciipnlnr 

tomOUS (Fig. 132), while in the radUI ; 3, median ; 4, anal or axillary. 

anal field there is but little 

furcation, though the nervures converge much at the Jmse. The 
mediastinal gives off minor veins towards the front only, the radial 
gives off veinlets at first towards the front, but nearer the tip 
of the yrings sends off minor veins both backwards and forwards. 
The in^-median or ulnar vein is very variable ; it is frequently 



' Prod. Orth, turop. 1882, p. 27, and Rav. Spot. Orthopt, 1892, p. 13. Unfortu- 
nately de Stnasure adopts a different nomenclatnre ; we have preferred Brunner's as 
being more simple. 
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abbiemted, and on the whole is of subordinate importance to 
the other three. These latter thus fonn.four chief areas or fields, 
viz. — 1, mediastinal or marginal; 2, scapular or radial; 3, 
median; and 4, anal These nervures and divisions may be 
traced in a large number of existing and fossil Blattidae, but 
there are forms existing at present which it is difiicult to reduce 
to the same plan. In Euthyrlutpha, found in the Pacific Islands, 

the hind wings are long and project 
A dljt beyond the tegmina, and have a very 

jvK peculiar arrangement of the nervures ; 

h-h species of Hdloeompsa. also possess 

abnormal alar organs, while, the struc- 
® ^ ture of these parts in IHaphana (Fig. 

122) is so peculiar that Brunner 
g wisely refrains from attempting to 

. // homologise their nervures with those 

I normal Blattidae. The 

y 1 ' \ \ \\^^ organs are frequently extremely 

\. \ ' ' different in the two sexes of the same 

Blattidae. and the hind 
A, Tbe Insect, natural size ; B, wiiig may differ much from the teg- 

»»■' <» ”8^ *!!»« «t 'tep«rtn>» 

from the normal So that it is not 
a matter for surpriM that the nervures in different genera cannot 
be satisfactorily homologised. 

But the most peculiar wings in the frmily are the folded 
structures foimd in some forms of the groups Ectobiides and 
Oxyhaloides [Anaplectinae and Plectopterinae of de Saussiu^]. 
These have been studied by de Saussure,^ and in Fig. 123 we 
reproduce some of his sketches, from which it will be seen that in 
B and C the wing is divided by an unusual cross*joint into two 
parts, the apical portion being also longitudinally divided into 
tv^o pieces a and b. Such a form of wing as is here shown has 
no exact parallel in any of the other groups of Insects, though 
the earwigs and some of the Coleoptera make on approach to it. 
This structure permits a very perfect folding of the wing in 
repose. The peculiarities exhibited have been explained by de 
Saussure* somewhat as followa In the ordinary condition of 
Orthoptera the axillaiy or anal field (P) when the wings are 
> Ann. Set, iVot Zool, ser. 6, x. 1868, p. 161. 
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closed collapses like a fan, and also doubles under the anterior 
part (H) of the wing along the line a a, in Fig. 123, A, the result 
being similar to that shown by our Fig. 124. It will be noticed 


in Fig. 123, A, that a small tri- 
anguhff area (^) exists at the tip 
of the wing just where the fold 
takes place, sa that when the 
wing is shut this little piece is 
liberated, as shown in t, Fig. 124. 
In many Blattidae, eg. Mabem 
(Fig. 132), no trace of this littlo 
intercalated piece can be found, 
but in others it exists in various 
degrees of development interme- 
diate between what is shown in 
TlkO-fax poreellana (Fig. 1 23, A) 
and in Anaplecta azteea (123, B), 
so that a, h of the latter may be 
looked on as a greater develop- 
ment of the condition shown in A 
at i. It will be noticed that the 
superadded part of the wing of 
123, B, possesses no venation, 
being traversed only by the line 
along which it folds ; but in 
the wing of Diploptera silplm, 
123, C, the corresponding part 



Fio. 123. — Hin*l wings of Blattidae. A, 
Thorax porcdlana; B, Ampleda 
azteea; C, hi^ jAtrar nlpha, (After 
de Saussure.) 


is complexly venated. This venation, as Brimner says,^ is not 


an extension of the ordinary venation of the wing, but is »vi 

generis. It is curious that though all the degrees of develo])- 

ment between A and B exist in various 

— I forms of the tribes Ectobiides and Oxyha- 

^ loides, yet there is nothing to connect the 

^ veined apex of Diploptera with the unveiiied 

Pio. 124. — Hind wing of ^ f y ^ ^ * 

BlaUa folded. Free AllOjplcctil, 


tria^larar^ (After xhe internal anatomy of Blattids has 
been investigated in only one or two species. 
There are no great peculiarities, but some features of minor 
interest exist. The alimentary canal (Fig. 125) is remarkable 


‘ Nva/». Sy$L Blattaires, 1865, p. 265. 
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on account of the capacious crop, and the small gut-like, chylific 
ventricle ; eight elongate pouches are cntuate on this latter part 



at its junction with the gizzard. 

The Malpighian tubules are 
very munerous and delicate ; there 
are extensive salivary glands and 
re^rvoirs ; and on the anterior 
part of the true stomach there are 
eight caecal diverticula. The great 
chain of the nervous system con- 
sists in all of eleven ganglia — two 
cephalic, three thoracic, and six 
ubdominaL 

The ovaries in Stylopyga orient- 
nlia consist each of eight egg-tubes, 
I>laced at the periphery of a common 
receptacle or oviduct, the pair of 
receptacles themselves opening into 
a common chamber — the uterus — 
which is surrounded by a much 
branching serific or colleterial gland. 
Ill this cliamber the egg-case is 
formed from the secretion of the 
gland just mentioned. According 


Pio. 126.— Alimentary canal of Stylo- to Mlall aud Denuv,' there 18 a 
pyga^crienUalUo (After Dufour.) a, i • i . 

Head ; 6, salivary glands ; e, aaliv- Hpemiatheca which opeilS not into 


ary reoerroiri rf, crop j « diver- the uterus but into the cloacal 

ticula placed l>elow proventneulus ; i . 

/, etomocli ; g, amall intestine ; k, chamber behind it. Lowne doubts 

wSy^oflltodS)!! diverticulum being a true 

spemiatheco. The manner in which 


the eggs are fertilised and their capsule modelled is uncertain.^ 


The internal reproductive organs of the male are very com- 
plex in Stylopyga orientalia; each testis consists of a number 
(30 to 40) of vesicles placed on a tube which is prolonged to 
form the vas deferens. There is a very peculiar large complex 
gland consisting of longer and shorter utricles, opening into the 
vesicvdae seniinales, and forming a “ mushroom-shaped gland.” ’ 


> Tk» Coetnack, p. 170. 

* Cf. Duchamp, Jter. Sei. Xat. Montpellier, vii. [1 1870], p. 423. 

* Huxley, Manual Anat. Invert. Animale, 1877, p. 416. 
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This gland is much larger than the testes proper, which, it is 
said, lose early their functional activity in the species in question, 
and shrivel There is another important accessory gland, the 
conglobate gland of Miall and Benny, opening on a portion of 
the external copulatory armour. 

Although some species of Blattidae are domesticated in our 
houses, and their bodies have been dissected by a generation of 
anatomists, very little is known as to their life histories. The 
common " black beetle ” of the kitchen is said by Cornelius to bo 
several years in attaining the adult state. Observations made at 
Cambridge by the writer, as well as others now being carried on 
there by Mr. H. H. Brindley, quite confirm this view, the extent of 
growth accomplished in several months being surprisingly little, 
and the amount of food consume<l very small. It is therefore not 
improbable that the life of an individual of this species may 
extend to five years. Phyllodromin yermanica, a species that is 
abundant in the dwellings of the peoples of north-eastern Euro^ie, 
attains its full development in the course of a few months. 

We have already alluded to the fact that in the Blattidae the 
eggs are laid in a capsule formed in the interior of the mother- 
insect. This capsule is a horny case varying much in size and 
somewhat less in form in the different species; it is 1x>rne about 
for some time by the mother, who may not 
infrequently be seen running about with it 
protruding from the hinder part of the body. 

•Sooner or later the capsule is deposited in a 
suitable situation, and the young cockroaches 
emerge; it is said that they are sometimes 
liberated by the aid of the mother. Mr. 

has found it very difficult to pro- 
hatching of the young from their 


Brindley 
cure the 
capsules. 
It is 


Fio. 126 .— Egg-captnlm 
of Euro^tean Blat- 
tidae. iitKMtialap- 
ponka ; B, PhyUo^ 
dtfmut germunica ; 
C, Heterogamia tugyp- 
tiaca, (AfterBrunuer.) 


known that some Blattidae are 
viviparous. In the case of one such species, 

Pamhlora mridia, it appears probable that 
the egg^psule is either wanting, or is present in only a very 
imperfect form.^ 

On emerging the young Blatta is in general form very similar 
to -the parent, though usually much paler in colour. After easting 
' Riley, In 9 td Lif^, iii. 1891, p. 443, and iv. 1891, p. 119. 
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the skia an uncertain number of times — not less tlian five, 
probably as many as seven — it reaches 'the adult condition, the 
changes of outer form that it \mdergoes being of a gradual nature, 
except that at the last ecdysis the wings — in the case of the 
winged species — make their appearau6e, and the terminal 
segments of the body undergo a greater change of form. What 
mutations of shape may be undergone by the thoracic segments 
previous to the final production of the wings has not apparently 
been accurately recorded, Fischer’s opinion being evidently based 
on very slight ol>servation. The little that has been recorded as 
to the post-embryonic development since the observations of 
Hummel ‘ and Cornelius * will be found in the workb of Brunner.® 
According to this latter authority, in the wingless species the 
terminal segments of the body have the same fom in the early 
stages as they have in the adult state, so that this latter condition 
can only recognisetl l»y the greater hardness of the integument. 
When tegmina or wings are present in a well-developed form in 
a Blattid, it is certain that the Insect is adult ; and when there 
can Ije seen at the side of tlic meeonotmn or metanutum a piece, 
however small, separated by a distinct suture, it may Ije correc-tly 
assumed that the individual is an adult of a H]^)ecies having only 
rudimentary alar organs. The adult female of the common 
Stylopyga oriewtidis shows tliis phenomenon. 

The cockrotiches are remarkable for the excessive rapidity 
with which they run, or rather scurry, tlieir gait being very 
jiecidiar. The common domestic forms, when alarmed, disappear 
with great agility, seeking obscure corners in which to hide 
themselves, it being part of their instinct to flee from light. 
Hence they are called lucifugous, and are most of them entirely 
nocturnal in their acthdtiea In the South of Europe and other 
warmer regions many Blattidae may, however, lie found on bushes 
and foliage in the ilaytime ; these, when alarmed, fall down and 
run off with such speed and in so tortuous a manner, that it 
is a very difficult matter to seize them. It is recorded that the 
males of the genus Heterogamia are attracted by lights, though 
their apterous females keep themselves concealed underground in 
sandy places. . 


^ JQnnif enUmolh^iquent St. Petersburg, 18*21. 

* BaUrUge ssur nSheren KeniUnUs von Periplaneta orUmtaliB, Elberfeld, 1853. 

* Sy$t, BlaUaires, 1866, p. 16, etc. 
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We may take this opportunity of alluding to the attraction 
that light exerts on Insects. Many species that conceal them- 
selves during the daytime and shun light as if it were dis- 
agreeable, are at night-time so fascinated by it that it is the 
cause of their destruction. The quantity of Insects killed in this 
way by electric and other bright lights is now enormous; in 
many B]:)ecies the individuals immolate themselves by myriads. 
It would appear that only nocturnal and winged species are so 
attracted. So far as we know, light has no fascination for Insects 
except when they are 011 the wing. The phenomenon is not 
understood at present. 

The food of Blattidae is believed to l)e of a very mixed 
character, though Brunner considers that dead animal matter is 
the natural nutriment of the members of this family. It is well 
known that the common cockroach eats a variety of ju'cnliar 
substances ; its individuals undoubtedly have the somewhat too 
economical habit of eating their own cast skins and empty egg- 
capsules, but in this they only act like many other much admired 
Insect^ S, orienialis is gregarious, and the individuals are 
very amicable with one another ; small si)ecimens sit on, or run 
over the big individuals, and even nestle under them without their 
displaying the least resentment. The common ccnkrojich is a 
rather amusing pet, us tlie creatures occasionally aHSume most 
comical attitudes, especially when cleaning their limbs ; this they 
do somewhat after the fashion of cats, extending the head as far 
as they can in the desired direction, and then passing a leg or 
antenna through the mouth; or they comb other parts of the 
body with the spines on the legs, sometimes twisting and distort- 
ing themselves considerably in order to reach some not very 
accessible part of the body. 

There is very little information extant as to the domestic 
Blattidae found in parts of the world outside Europe, but it seems 
that there are numerous species that prefer the dwellings of man, 
even though they only tolerate the owners. Belt says^ ‘'the 
cockroaches that infest the houses of the tropics are very wary, 
as tliey have numerous enemies — birds, rats, scorpions, and 
spiders; their long trembling antenna 3 are ever stretched out, 
vibrating as if feeling the very texture of the air around them ; 
and their long legs quickly take them out of danger. Sometimes 
' Nalurdliat in Niearagvat 1874, p. 110. 
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I tried to chase one of them Up to a comer where on a wall 
a large cockroach>eating spider stood motionless looking out for 
his prey; the cockroach would rush away from me in the 
greatest fear, but as soon as it came within a foot of its mortal 
ibe nothing would force it onwards, but back it would double, 
facing all the danger from me rather than advance nearer to its 
natural enemy.” To this we may add that cockroaches are the 
natural prey of the foseoriol Hymenoptera of the group Ampuli- 



Flo* 127.— Xt male ; A], legmen and rudiment of wing ; front 
^ of head ; B| female. The cercl are broken, in B the right one » restored in out- 
line. (Alter Bolivar.) 


cides, and that these wasps sometimes enter houses in search of 
the Insecta 

We have already noticed the considerable difference that 
exists in many cases between the sexes of the same speciea 
This is sometimes carried to such an extent that nothing but 
direct observation coidd make ns believe that the males and 
females are of one kin. Fig. 118 (p. 220) shows a case of this 
kind. Though the young as a rule are excessively similar to the 
adults, yet this is by no means invariably the case. In some 
of the more amply winged forms, such as Blabera, the young is 
about fs different from the adult as the female of Heterogamia 
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is firom its male. In Blattidae it is always the case — so far as 
is yet known— that when there is a difference as regards the 
alar organs between the two sexes, it is the male that has these 
structures most developed, and this even when they can be of 
little or no use for piurposes of flight 

Among the most interesting forms of the family are the two 
species of the genus Nocticola, recently discovered by M. Simou 
in caves in the Philippine Islands.’* They are amongst the 
smallest of the Orthoptera, the male being scarcely of an 
inch long. In the larval state of N. simoni the ocular organs 
exist as three ocelli, or facets, on each side of the head, and in 
the perfect state the number is increased somewhat, tis shown in 
Fig. 127 , Aj. In the second species of the genus the female is 
quite blind (the male l)eing still undiscovered). The fenestra; 
in Nocticola are absent; the tegmina and wings are totally 
wanting in the female (Fig. 127, B), but are present in a very 
peculiar condition in the male (Fig. 127, Aj). There are other 
anomalies in the structure of these cavemicolnus Insects, the 
cerci teing apparently of peculiar structure, and the spmes of 
the legs more hair-like than usual 
The condition of the eyes is remark- 
able; the peculiarity in their de- 
velopment is worthy of study. 

To those who are acquainted 
with Blattidae only through our 
domestic " black beetle ” it may seem 
absurd to talk of elegance in con- 
nexion with cockroaches. Yet there 
are numerous forms in which grace 
and beauty are attained, and some 
exhibit peculiarities of ornamenta- 
tion that are worthy of attention 
Corydia petiveriana (Fig. 128) is a 
common cockroach in East India. It 
has an effective system of coloration, 
the under wings and the sides of 
the body being vividly coloured with orange yellow ; when the 
tegmina are closed the upper surface of the Inxly is of a velvet- 
black c<dour, with cream-coloured marks ; these spots are different 
* S«e Bolivar, Ann. See, ent. France, 1892, ifc 29. 
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Fio. 12 &.— Corydia petiveriana, with 
tegiiiiua ezteaded, A ; doted, B. 
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on the two tegmina, as shown in Fig. 128, A, .biit are so arranged 
that when the tegmina are closed (Fig.. 128, B) a symmetrical 
pattern is produced by the combination of the marks of the two 
differently spotted tegmina. It is veiy curious to notice the 
great difference in the colour of the part of the right tegmen 
that is overlapped by the edge of the left one ; this - part of .the 
tegmen being coloured orange yellow in harmony with the wings. 
The result of the remarkable differentiation of the colours of the 
two tegmina may be summarised by saying that on the right 
one the colour of a part is abruptly contrasted with that of the 
rest of the organ, so as to slure the system of coloration of the 
under-wings and body, while the corresponding part of the other 
tegmen is very different, and completes the system of symmetrical 
ornamentation of the upper surface. 

Many other members of the Blattidae have an elegant 
appearance, and depart more or less from their fellows in 
structural characters, with the result of adding to their graceful 
appearance ; in such coses, so far tis at present 
known, these Insects are brightly coloured. 
Thus Ifyptiorm amoena (Fig. 129) has the 
antennae 1>andcd in white, block, and red, 
while the overlapping part of the tegmina is 
arranged so as to bring the line of junction 
betwee4 them nearly straight along the middle 
line of the body, and thus produce a more 
symmetrical appearance than we find in other 
Fia. 129. — Ttyprmna cockroaches. The head in this Insect is not 
AmericT Tribe'ojcy^ concealed as usual, and this undoubtedly 
haloldet. (After de adds Somewhat to the eftective appearance of 
Sauesuro.) cockroach. This visibility of the front of 

the head in Hypnorna is not, as would be supposed, owing to 
its being less indexed than usual. On the contrary, the head is 
quite as strongly indexed as it is in other Blattidae, but the 
part just at the front of the thorax is unusually elongate, so 
that the eyes are exposed and the Insect has a larger field of 
vision. This interesting Insect belongs to the tribe Oxyhaloides 
[Plectopterinae Sanaa.], in which group the most highly developed 
folded wings occur. 

The wingless forms never exhibit the grace and elegance 
possessed by some of the more active of the winged Blattidae. 
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One of them, Oromphadorhina 
(Fig. 130), ia a very robust 
Insect, and attains a length 
of 78 milliiu. — somewhat 
more than 3 inches. This 
Insect has projections on the 
thorax that remind us of the 


portentom, found in Madagascar 



horns that exist in some of 
the Lamellicorn beetles. 


Fkj. 130. — Oromphailorhina portcnhwu ^ J* 
Tribe Perisphaerikles. (After Hruiiiier.) 


Little has been yet written as to the reseniblances of Bluttidae 
to other species of their own family, or to other creatures, but it 
is probable that such similarities will be found to ]»revail to a 
considerable extent. W. A. Forbes has calletl attention^ to the. 


larva of a Blattid from Brazil as Ijeing remarkable for its sujhiU-- 
ficial resemblance to an Isopod crustacean. S()me of tlic wingless 
forms have a great resemblance to the small rolling-up Myriapods 

of the group (Uomerides ; rmidotjhmcrh 
fornicafa^ of which we figure the female 
(Fig. 131), has received its name from 
^ this resemblance. The females of the S. 

nicata, Burma. Tribe African gciius Dcroealymimt P0SSI‘SS tins 
Brunner Glomcrul api^araiice, and liave a pcHudiar 

structure of the prothorax, admitting c)f a 
more complete protection of the head. Brunner states that the 
wingless kinds of Derocalymma roll themselves up like w<.M.MHicc. 
In many of the forms of this tribe — Perisphaeriides — the males 
are winged, though the females are so like Myriap«)dH. Accord^ 
ing to de Saussure ^ the gigantic Megidohlatta rvjipes bears an 
extreme resemblance in appearance to the large cockroaerhes of 
tlie genus Blahera. 

Some of the species of Holocompm remind us strongly of 
Heiniptera of the family Capsidae; they liave an arrangement 
of colours similar to what prevails in that group, and their 
tegmina and wings which, as being those of Blattids may bo 
said to be abnonnally formed, resemble in texture and tlie 
distribution of the venation those of the Hemiptera. These Insects 
are closely allied to Diaphana, of which genus we have figured 
a species (Fig. 122). 



' P. enL Soc, Ltmdm, 1881, p. 1. 

* Biol. CevUr. Amor. Orthopl. 1893, pi 67. 


236 


ORTHOPTERA 


There is very little evidence on which to base an estimate 
of the number of species of Blattidae existing in the world at 
present. Probably the number extant in collections may amount 
to 1000 or thereabouts, and the total existing in the world may 
be as many as 5000. The species of Blattidae cannot tolerate 
cold, and are consecjuently only numerous in tropical regions. 
Europe possesses alwnt twenty species, and in Britain there are only 
three that are truly native ; these are all small Insects belonging 
to the genus EetoUa, and living out of doors, amongst leaves, 
under bushes, and in various other places. We have, however, 
several other species that liave been introduced by the agency of 
man, and these all live under cover, where there is artificial warmth 
and they are protected from the inclemeudeB of the winter season. 
The commonest of these forms is Stylopyga oHentalis, the " black 
beetle ” of our kitchens and bakehouses. This Insect is said to 
have been brouglit to Euroiie from “Asia” about 200 years ago, 
but the evidence as to its intro<luction, and as to the countr>’ of 
which it is really a native, is very slight It is indeed said * that 
*S'. orientalia has l)een found in peat in Schleswig-Holstein. Peri- 
planeta amerieana is a larger Insect, and is common in some 
places ; it is apparently the species that is most usually found 
on' board ships, where it sometimes multiplies enormously, and 
entirely devours stores of farinaceous food to which it obtains 
access : it is known that sometimes a box or barrel supposed to 
contain biscuits, on being opened is found to have its edible con- 
tents entirely replaced by a mass of living cockroaches. Eortu- 
nately Periplaneta amerieana has not spread widelyin this coimtry, 
though it is found in great numbers in limited localities; one of the 
best known of which is the Zoological Gardens in the Begent’s 
Park at London. Periplaneta australasiae is very similar to P. 
amerieana, but has a yellow mark on the shoulder of each tegmen. 
This has obtained a footing in some of the glass-houses in the 
Botanic Gardens at Cambridge and Kew; and it is said to be fairly 
well established in Belfast. Another of our introduced domestic 
.cockroaches is Phyllodromia germanica, a much smaller Insect 
than the others we have mentioned. It has only established 
itself at a few places in this country, but it is extremely abundant 
in some parts of Northern and Eastern Europe. It has been in- 
creasing in numbers in Vienna, where, acconUng to Brunner, it is 
* Sehtiff, Zbol. Anz. xvi. 1393, p. 17. 
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Fi( 3. 132. — Alar organs of TUahera np. 
A, tegmen ; B, wing. 


Stylopyga orientalU. In addition to these, AVfy/wrroAni 
mader(u and species of the genus 
Mdbera have been met with in 
our docks, and are possibly always 
to be found there, Theyare Insects 
of much larger size than those 
we have menlioned. We figure 
the alar organs of one of these 
species of Mabera of the natural 
. size : the species in this genus 
are extremely similar to one an- 
other. Blaberae are known in 
the West Indies as drummers, it 
being supposed that they nuike a 
noise at night,^ but details in con- 
firmation of this statement are wanting. 

It is a remai'kable fact that no satisfactory reasons can 1)e 
assigned for the prevalence of one rather than another of tliesc 
domestic cockroaches in particular localities. It does not sihuu 
to dej^nd at all on size, or on the perio<l of development, for 
the three species Stylopyga orientalis, l*eriplaneta amenmm, and 
Phyllodromia germaniea, wliich are the most abundant, differ 
much in these respects, and replace one another in pirticular 
localities, so that it does not appear that any one is gaining a 
permanent or widespread superiority as compareil witli another. 
There are, however, no sufficient records on tliese points, and 
further investigation may reveal facts of which we are at present 
ignorant, and which will throw some light on this subjec’t. We 
may remark that Mr. Brindley has found it more difficult to 
obtain hatching of the young from the egg-capsule-; of Perij^xn-eta 
amerieana and Phyllodromia germaniea at CamUidge, than from 
those of Stylopyga orientalis. 

Although much work has Ijeen done on tlie embryology of 
Blattidae, the subject is still very incom^dete. The recent memoirs 
of Cholodkovsky * on Phyllodromia germaniea contain so much of 
general interest as to the development of the external jHirts of the 
body tW we may briefly allude to them. The- earliest apimrunce 
of segmentation appears to be due to the centralisatiou of numerous 

• * tVwtwood, Modem CUuo, Tnoeett, i. 1839, p. 418. 

• Zeitxiur. wits. xfvuL 1889, p. 89; aad Mem. Ae. St. Petenb. xzzviii. Ko.5,1891. 
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cells round certain points in the ventral plate. The segmentation 
of the anterior parts is first distinct, and the appearance of the 
appendages of the body takes place in regular order frpm before 
backwards, the antennae appearing first ; the mandibles, however, 
become distinct bnly sub^uent to the maxillae and thoracic 
appendages. . There are in the course of the development append- 
ages to each seginent of the body (he counts eleVen abdominal 
segihents) ; the cerci develop in a similar manner to the anten- 
nae; the first pair of abdominal appendages — at first similar to 
the others— ^afterwards assume a peculiar stalked form. The 
abdominal appendages subsequently disappear, with the exception 
of the ninth pair, 'which form the ventral styles, and the 
eleventh pair, which become the cercL The last ventral segment 
is said to be formed by the union of the tenth and eleventh 
embryonic ventral segments. 

As regards their Palaeontological forms Blattidae are amongst 
the most interesting of Insects, for it is certain that in the 
Carboniferous epoch they existed in considerable number and 
variety. A still earlier fossil has been found in the Silurian 



sandstone of Calvados ; it con- 
sists of a fragment (Fig. 133, 
A), looking somewhat like an 
imperfect tegmen of a Blattid ; 
it was described by Brongniart 



under the name of PalaeoUat- 
tina douvUlei, and referred by 
him, with some doubt, to this 
family. Brauer has, however, 
expressed the opinion ' that 
the fragment more probably 


Ito. 183.— A. Tegiiieii(t)of i>kiiae9NaaMa belonged to an Insect like the 

douvUleii B, of MoUallina mantbath- niole-crieket and in vinw nf 
entii. (After Bwwer and Scuddw.) mme-cncKet, ana m View Ot 

this discrepancy of authorities 

we may be pardoned for expressing our own opinion to the effect 


that the relic has no connexion with the Insecta. The figure 
given by Scudder * has not, however, so uninsect-like an appear- 


ance as that we have copied from Brauer. Whatever may prove 
to be the case with regard to Falaeoblattina, it is certain, as we 


* Ann, tFien,, i. 1886, p. 104. 

* Zittel, Sandb, Fffkuont, I Abtb. iL 1886, p, 763. 
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haTB already said, that in the Palaeozoic epoch Insects similar to 
our existing cockroaches were abundant, their remains Iteing 
found in plenty in the coal-measures both of Euroiw and North 
America. Fig. 133, B, shows a fossil tegmen of EtohlMna 
maiiehaehensia from the upper Carboniferous beds of llmenau 
in Germany. It will be noticed that the disposition of the 
nervures is very much like tliat which may !» seen in some 
of our existing Blattidae (cf. the tegmen of Mahera, Fig. 
132, A), the vena dividens (a) being similarly placed, us is 
also the mediastinal vein on the front part of the organ. 
The numerous carboniferous Blattidae have been separated as a 
distinct Order of Insects by Scudder under the name Palaeo- 
blattariae, but apparently rather on theoretical grounds than 
because of any ascertained important stntctural distinctions. He 
also divided the Palaeoblattariae into two groups, Mylacriilac and 
Blattinariae, the former of which was supposed to Ite peculiar 
to America Brongniart has, however, recently discoveretl that 
in the Carboniferous deposits of Commentry in France Mylacridae 
are as common as in America This latter authority also states 
that sodie of the females of these fossil Blattidae are distinguished 
by the presence of an elongate exserted organ at the end of the 
body. He considers this to have been an ovi- 
positor by which the eggs were deposited in 
trees or other receptacles, after a manner that 
is cotmuon in certain Orthoptera at the present 
day. If this view be correct these Carbon- 
iferous Insects must have been very different 
from the Blattidae of our own epoch, one of' 
whose imurked characteristics is the deposition 
of the eggs in a capsule formed in the body of 
the parent. 

In the strata of the secondary epoch re- 
hiains of Blattidae have also been discovered 
in both Europe and America, in Oolitic, Liassic, 
and Triassic deposits. From the Tertiary 
strata, on the other hand, comparatively few 134 .— prout leg 

species' have been brought to light. A few 
have been discovered preserved in amber. 

The classification of the Blattidae is attended with considerable 
difficulty on account of the numerous wingless forms, and of the 
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extreme difference in the organisation of the two sexfs o^ 
qpeciea. It has, however, been brought to a fairty satij^^tory 
state by the reiterated labours of Brunner von Watte^yl, and 
we reproduce his recently perfected exposition of their characters. 
His first division is made by means pf a structure which is Very 
easily observed, viz. whether the femora are armed with spines, 
as in Fig. 134, pr not. The tenns used in connexion with the 
wings and other pc^rts of the body we have already explained. 

Btimner^s system is adopted by de Saussure,^ who, hotrever, 
proposes to replace the names i&tobiides and OxyhaloMes by 
Anaplectinae and Plectopterinae. He also proposes to apply the 
generic name Blatta to the Insect that is now ite frequently called 
Phyllodromia gtrmaniea in zoological works. If that view bd 
adopted, Bnmner’s group Phyllodromiides will be called Blattides* 

Table of the tribes of Blattidae, after Brunner: — 

1, Femora spinj beneath.^ 

2. The last ventral plate of the female large, without valvea 

3. Sttpra-anal lamina of both male and female tranimrse, narrow. 
Wings, when present, furnished with a trian^lar apical field. 
Posterior femora unarmed beneath, or armed with two spines on 
the anterior margin. Egg-capsules furnished with a longitudinal 
suture. Tribe 1. EcioanDzs. [Anaplectinae Saussnre.] 
a". Supraranal lamina of each sex more or less produced, triangular, 
or emarginatiL Wings, when present, without apical field. Pos- 
terior femora with both edges spiny. 

4. Supra-anal lamina of each sex triangular, not notched. Cerci 
projecting much beyond this lamina. 

5. Pronotum and elytra smooth (s.r. without peculiarity of 
surface other than punctuation). The radial nervure of the 
wing giving off several parallel branches, p^tinate on the 
anterior margin (except in the genus Tarsal 

Joints without pads. Tribe 2. PETixoDROMnoia. [Blattinae 
Saussure.] 

5. Pronotum and elytra holosericeous. Radial nervure of the 
wings giving off irregular branches on the anterior margin 
(ulnar vein many-branched). Tarsal joints furnished with 
pads. Tribe 3. Ntctiborideb. 

4^ Supra-anal lamina of males more or leas four-sided, with obtuse 
angles, of Ismiles broad, rounded, or lobed. Cerci not pro- 
jecting beyond the lamina. (Tarsal joints with distinct pads.) 
Ubar nervure of the wings giving 6ff parallel branches towi^ds 
the vena divideus. Tribe 4. Epilauprides. 

^ Bud. CMr.-Amcr. OrihopUra, 1828. 

* Although the genus ChcriwMura has unarmed femora, it mutt be plated in this 
divbion. 
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la»t ventral plate of the female furnished with valves. Tribe 
6. Pbriplanbtides.1 (Fi^. 119, Periplamta auitralanae,) 

1'. Feniote. l^la^med beneath. (In the tribe Panesthiides the anteriui 
femora are frequently armed with two spines.) 

2. Supra-anal lamina of each sex more or less produced, posterior margin 
' notched. 

A distinct pad between the claws. Tribe 6. Paxchlorides. 

3'. No pad between the claws, or only an excessively small one. 

4. Wings with a folded fan-like anal field. Pronotum smooth. 

Tribe 7. Blaberidrs. (Fig. 132, sp. wings.) 

4'. Anal field of the wing with a single fold. Pronotum more or 
less pilose. Tribe 8. Corvdiideb. (Fig. 128, Oorydia inii- 
veriana. Fig. llSf Heterogamia aegyptiaca,) 

2'. Supra-anal famina of each sex, short, transverse, posterior margin* 
straight or rounded. 

3. Subgenital lamina of the male somewhat produced, rurnished 
with a single style. Tarsal claws with a distinct pad (except in 
the genus Paranauphoeta). 

4. Anterior portion of the wings pointed, either the apical field of 
the wing very much produced, or the wings twice as long m 
the tegmina, folded in repose. Tribe 9. Oxyhaloidbw. [Plec- 
topterinae ^ussure.] (Fig. 1 29, Hypnoma avioena. ) 

• At\ Anterior portion of wing, when present, rounded, with no 
\ apical field. Trilie 10. Perisphaeriidks. (Fig. 130, <»Vow. 
^ pkadwhina portenioaa ; Fig. 131, Pseudoglomeru fomicata.) 

3'. Subgenital lamina of males extremely small, without styles. No 
pad between claws.. Tribell. Panesthiides. 

To the above tribes another one— G eoscaphkusides— has been recently 
added by Tepper,* for an extraordinary’' Australian Insect of fossorinl haliits, 
with front legs formed somewhat like those of GnjlUtnlpa. 

1 The black beetle,** Slylopyg<iorictUuli$,he\oiigi to this tribe, as does also 
Periplaneta americana. 

* TV. Ji. Soe. S. Austral, xvii. 1893, p. 68. 
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CHAPTER X 

ORTHOPTEKA CONTINUED MANTIDAE SOOTHSAYERS 

Fam. IV. Mantidae — Soothsayers or Praying Insects. 

OrUuypttrn with exserted hut defiexed head and elongate prothorax, 
the first pair of legs largely developed, raptorial, the eoxax 
elongate, free, femora and tibiae armed with spines: second 
and third pair of legs simple and similar ; the tarsi five- 
jointed, without a pad (arolium') between the claws ; a pair 
of jointed cerci near the extremity of the body. 

The Mantidae are an extensive family of Orthoptera, showing 
extreme variety in the shapes and outlines of the body, and 
characterised by the very remarkable front legs ; the function of 
these legs being to seize and hold their prey, which consists of 
living Insects, Mantidae Iwing carnivorous and highly voracioua 
The labium is deeply divide^!, each half exhibiting a very 
near approach to the structure of a maxilla; there is a large 
membranous lingua reposing on the inner face of the. lower lip. 
The head is quite free from the thorax, its front part being 
deflexed, and even somewhat indexed, so that the mouth is directed 
downwards and somewhat backwards; it is very mobile, being 
connected to the thorax' by a comparatively slender neck, which 
is, however, conc«aletl by the pponotimi. There are two large, 
prominent eyes, the antennae are frequently very slender, but 
they sometimes differ according to sex, and in some genera 
are pectinate in the male ; just above and between their inser- 
tion are three ocelli placed in a triangle, two above, one below ; 
between the antennae and the clypeus there is an interval 
called the scutellar space. In some forms of the 

head assumes most extraordinary shapes ; the eyes may 
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elongate and hom-like ; there may be a projection between them 
bearing the ocelli, and attaining occasionally a great length ; the 
soutellar space also may have a remarkable development, the 



I'la. [kn^>tatys mrmcacat f«inal«. lik>ru«o. (After Weatwornl.) 


whole thus forming a peculiar ornamental structure, ns in Fig. 
136 . 

The ])rothora.x is elongate, but there are a few genera, ejj. 
HremiapliUa, in which it is exceptionally short, and there are 
several others in which the elongate fonu is more or less masked 
by foliaceous expansions of the sides. The pronotum shows 
uear the front a transverse depression or seam, which marks the 
position of an internal chitinous ridge. The anterior legs are 
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inserted near the front of thet, prosternum, which extmids less 

far forwajcds than the pinnotum does ; the posterior part of the 

prost^dlu is very elongate, and is completely separated from 

, •' the anterior part by the base of 

the coxae and the membranes 

attached to them; the pronotum 

and sternum are closely connected 

at the sides till near the posterior 

jiart wliere they diverge, the space 

so formed Ixjing occupied by a 

membrane in which the prothoracic 

stigma is situated. The meso- 

thorux is as lung as broad, and 

the front wings are attached to 

the whole length of the sides ; the 

inesosternum is a triangular piece 

Fia. 136.— Rend of llarijax mrUgoiui, iiointed behind, and bearing verj* 
seen from the front, • , . , . i i • i 

large side -pieces, to the hinder 
portion of which the middle coxae are attached ; these latter are 
large and quite free, and repose on the metasternum which they 
cover ; the mesothoracic stigma may lie detected as a slit situated 
bn a slight prominence just behind and a little below the mem- 
liranous hind-margin of the tegmen. The metathorax diffei's 
comparatively little in size and structure from the mesothorax ; 
the membranous liiiid wings are attached to tlie sides of the 
notum along nearly the wliole length of the latter. The abdo- 
men is moderately long ; in each sex ten doi'sal plates may l)e 
detected, and there is a piir of ringed cerci projecting from 
beneath the sides of the tenth phite. The number of ventral 
plates is more difficult to verify, the first one being much 
reduced} eight other plates can be demonstrated in the male 
and six in tlie female. 

The anterior legs are formed in a remarkable manner in the 
Mantidae, and ar^, in fact, the most characteristic feature of the 
family. Attached near^the front of the thorax there is a very 
long coxa, to 'the. apex of which is articulated the triangular 
trochanter; th& bears the elongate femur, which is furnished on 
its low^r with sharp spines and teeth ; the tibia which 
foUoypB is.niQfih-shoi'ttf and snudler tlion the femur; its lower 
face bears armaturo of teeth, and it is so articulated with 
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the femur that it can he completely closeil thereon, its teetli 
fitting in among those of the femur (Fi^. 

137, B): the latter has one or more longer 
spines overlapping the apical pirt- i)f the 
tibia when contracted. Tlie tarsus is 
slender, ftve-jointed, without pid. The other 
two pairs of legs are simple ; the hinder 
usually a little the longer, and in some 
species that possess powers of leaping 
(Artwlefi), with the femora a little thuker 
at the base. 

The alar organs of tlio Mantidac are # 

as regards the iiervures and ai*eas fairly 137— Pront^g of 
similar to those of the Blattidae. The pauperata, 

tegmina are usually narrow, and exhibit fttnmic: A, with tiWa 

three well-marked areas ; the one m front wanting; B, more umg- 

or (‘xU'i-iuil (lurorcling an tli« wiiig^ ia 
<^xlHln<leil or (.'liiMMl) is the inediustinul motie or cJosuic. 
fimi ; it is iisuiilly mere elongtite hiuI 
(Kfcupii's a larjifi'r )Hii'ti(iii of the surface of, the tegmeii than in 
Blattidae. Tlie middle area, formiiiji' the lar<^er part of the 
wing, is (jpe.tipied l>y tiie hranches of the I’adial and nlnar 
nervnres. The third an-a, the anal, po.s8CHse8 a sort of appndage, 
in the form of a small space of a more delicatcdy membranous 
niitnre at the inner part of the Iwse. The tegmina am often 
more or less leaf-like in texture »ind consistence ; tins character 
is as a rule not very marked, hut there are a few sjiecies with the 
tegmina very like foliage, this Isniig more marked in the female ; 
in some, if not in all, of these ciises the ine*liastinal area is con- 
siderahly increased. One tegmeii overla]^ the other, us in Blat- 
tidae, but to a less extent, and the correlative asymmetry is but 
slight : there is freciuently u pallid spot close to the main vein 
On the princi|Kil area, nearer to the Ijase than to the extremity^ 
The hind wings are more ample than the front, and of inucli 


more delicate consistence; they possess nhmennis veins converg- 
ing to the base ; the anterior part of the wing is Unner in con- 
sistence, and its veins ate more njimerQusly furcate ; there are 
many more or less distinct miniite ,^ar08S-veinletB, and an elegant 
tinting is not infrequent. Tbey,^olQee in a ft4-like manner, 
transverse folding being unknown! ih the fanli^. 
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But little has been written on the internal anatomy of the 
Mantidaa Dnfour has described only very partially that of M. 
religiona. The salivary glands are largely developed, salivary 
receptacles exist ; the alimentary canal possesses eight elongate 
coecal diverticula placed on the chylific ventricle; there are 
about one hundred Malphigian tubules. In each ovary there 
are about 40 egg-tubes, and they are joined at their bases in 
clusters of about half a dozen ; each cluster has a common sinus ; 
these sinuses are placed at intervals along a tube, which is one 
of two branches whose imion forms the oviduct; there are a 
large number of “ serific glands ” of two kinds in the female. 
The testes are unusually complex in their structure. 

According to Schindler ^ the Malphigian tubes in Mantis are 
not inserted, as usual, at the base of the intestine, but on the 
intestine itself at about one-tliird of its length from the base. 
There is some doubt al)Out this observation. Schindler considers 
the fact, if it be such, unique. 

The eggs of the Muntulae are deposited in a singular manner : 
the female, placing the extremity of the body against a twig or 
stone, emits some foam-like matter in which the eggs are 
contained. This substance dries and forms the ootheca ; whilst 
attaining a sufficient consistence it is maintained in position by 
the extremity of the body and the tips of the elytra, and it is 
shaped and fashioned by these pai-ta The eggs are not, os 
might be supposed, distributed at random through the case, but 
are lodged in symmetrically-arranged chambers, though how these 
chambers come into existence by the aid of so simple a mode 
of construction does not appear. The capsule is hard ; it quite 
conceals the eggs, which might very naturally be supposed to be 
efficiently protected by their covering : this does not, however, 
appear to be the case, as it is recorded that they are subject to 
the attacks of Hymenopterous parasitea The time that elapses 
after the eggs are laid and before they hatch varies greatly 
according to circumstancea In France, Mantis rdigiosa deposits 
its eggs in September, but they do not hatch until the following 
June ; while in K India the young of another species oi Mantis 
emerge from the eg^ about twenty days after these have been 
deposited. Trimen has recorded some particulars as to the 
formation of its egg-case by a Mantis in S. Africa. This 
* Z«U»eKr, win. ZwA. xxx. 1878, p. 808, pL uxviiL fig. 7. 
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specimen constructed four nests of eggs at intervals of about f 
fortnight, and Trimen states that the four were " as nearly as 
possible of the same size and of precisely similar shape.” He 
also describes its mode of feeding, and says 
that it was fond of hoitse- flies, and would 
eat " blue-bottles,” Le. Musca vomitoria, but 
if while eating one of the latter a house-fly 
were introduced, the “ blue-bottle ” was gener- 
ally dropped, even though it might be in 
process of being devoured. The young have 
to escape from the chambers in which they 
are confined in these egg-cases; they do so 
in a most curious manner ; not by the use 
of the feet, but by means of spines directeil 
backwards on the cerci and legs, so that 
when the body is agitah'd <idvance is made 
in only one direction. The eggs last fle- 
posited are »iid to be the first to hatch. 

On r(>aching the exterior tlie young Mjintids „ „ 

do not fall to the ground, but remain sus- jfan/in with young 
liended, after the manner of spiders, to tho hi*thrir 

ootheca by metins of two threads attached to jiositionofausiieniiioni 

the extnnnities of the cerci; in this strange ^owtag ‘ theTw!l"l!l 
position they remain for some ilays until the sory threiulH. (After 
first change of skin is effected, after which BrongnUrt.) 
they commence tlie activity of their predatory life. 

Dr. Fagenstccher has given an account * of the development 
of Mantii religiom, from wliich it would ap].)uar that tlie statements 
of Fischer and others as to tlie number of moults are erroneous, 
owing to the earliest stages not having been observed. When 
the young Mantis emerges from the egg it bears little resemblanci- 
to the future Insect, but looks more like a tiny pujia ; the front 
legs, that will afterwards become so remarkable, are shoit and not 
difierant from the others, and the head is in a curious mummy - 
like state, with the mouth-parts undeveloped and is indexed on 
the breast : there are, he says, nine abdominal segments. The 
first eedysis soon takes place and the creature is thereafter 
recognisable as a young Mantis. I’agenstecher’s specimens at 
first would only eat Aphididae, but at a later stage of the 
* Ar^.f. Kalurgexh, xxx. Band 1, 1864, p. 7. 
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development they devoured other Insects greedfly : the number 
of ecdyses is seven or eight The ocelli «ppear for the first time 
when the wing rudiments do so; the number of joints in the 
untennae increases at each moult Dr. PagenstecW considers 
that this Insect undergoes its chie( meta- 
morphosis immediately after leaving the egg, 
the earlier condition existing apparently to 
fit the Insect for escaping from the egg-case, 
lu the immature stage of the Mantidae the alar 
organs appear (Fig. 139) as adjuncts of the 
sides of the meso- and meta- notum, projecting 
backwards and very deeply furrowed and 
ribbed in a wing-like manner. According to 
I’m. 139. --Tfiiiiiiim Pagensteoher, this wing-like appearance only 
(/) uiii wia(^ (»o) of commences in the fifth stadium, but he has 

iiaiiintare . . , , 

not given imrticulai's of the conditions of 
these parts in the preceding instars. According to de Saussure * 
the wings of the females of some species remain permanently in 
this undeveloped or nymphal state. 

The Mantidae, as a rule, have a quiet unobtrusive mien, and 
were it not for their - formidable 
front legs would look the picture of 
innocence ; they, however, hold these 
legs in such manner as to gi'eatly 
detract from the. forbidding appear- 
, ance thereof, stretching them out only 
partially so as to give rise to an 
appearance of supplication or prayer;* 
this effect is increased by their 
holding themselves in a semi-erect 
position, standing on the hind and 
middle legs with the upper parts of 
the body directed somewhat for- 
wards, hence they are called by 
various names indicating prayer or 
suppUcution, and it is said that in ‘ 

some countries they are considered sacred. Some of the older 

* BM. OttUr. Amer. Ortkept. 1894, ^ 160. . 

* Our flgnrM do not exhibit this sttitode ; if portreyed in their nstoml podtion 
in a drawing the front lege wonld bo to a large extent obeenred. 
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writers went so far as to say that a Mantis would indicate 
the road a child should take by stretching out one of its arms 
in the right direction The traveller Burchell, speaking of 
a species since described by Westwood under the name of 
Tantchodes lucvJyrans, says : " I have Income acquainted with 
a new species of Mantis, whose pre^nce l^ecame afterwards 
sufficiently familiar to me by its never failing, on calm warm 
evenings, to pay me a visit as I was writing my journal, and 
sometimes to interrupt my lucubrations l>y putting out the 
lamp. All the Mantis tribe are very remarkable Insects ; and 
this one, whose dusky mher colouring well suits the ol»scurity nf‘ 
night, is certainly so, by the very late hours it keeps. It i>ftcn 
settled on my book, or on the press where I was writing, and 
remained still, as if considering .some affair of importance, with 
an appearance of intelligence which had a wonderful eireet in 
withholding my hand from doing it harm. Although huiulreds 
have llown witliin iny jiower, 1 never t<K)k more than five. I 
have given to this curious little creature the mime of Mantis 
lifcuhraris; and having no doubt that he will introduce hiiihscdf 
to every traveller who comes into this country [Southern Afric^i] 
ill the months of Novemlier and Decembiu*, I beg to reconiinend 
him as a liarmless little coni]iiiiiion, and entreat that kindness and 
mercy may be shown to him.'’ This appearance of innweiure. 
and quietness must have struck all who liave these lusifcts 
alive; neverthele.ss, it is of the most deceptive character, for the 
creature’s activity consists of a series of wholesale imussiuTes 
carried on day after day, the nuinlxjr of victims it sac-rifices 1^‘ing 
enormous. Tlie Mantis diH?H not even spare its own kind ; it 
is well known that the female not unfrequently devours its own 
mate. A very different picture to that of Burclndl has Iwen 
4lrawn by Potts, who observed the habits of a spe^des in New 
Zealand.^ He informs u.s that when about making an attack it 
approaches its intended prey with slow, delilierate movements, its 
anterior limbs folded in an innocent fashion, now and then 
raising itself or lifting the ptothorax in a stealthy quiet manner, 
perhaps to judge accurately of its distance ; when near enough, 
with one swift dart the victim is secured. The prey is held 

* The nsine of the epeciea Is no( gives (TV. JV. Z, Ind. xvi. 18S8, p 114), but 
it is probably OrihoAtm minUtralU Fab., an Auetralian Inseet jierliape taken to 
New Zealand by minera. Cf. Wood-Maaon, CaL UanicAta, i. 1889, p. 20. 
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firmly in the formidable trap formed by the anterior 1^, and is 
thus brought near the mouth. The MawtU usually commences 
its feast by taking off some portions of the head of its wretched 
victim, and displays an absolute indifference to its struggling or 
kicking ; the mandibles having seized a portion of the food, the 
legs holding it move away, thus leaving a fragment in the mouth. 
Portions only of a captured Insect are consumed, much being cast 
away ; and Mr. Potts states that he has seen one of these voracious 
creatures kill and devour parts of fourteen small flies within a 
very brief space of time. This voracity and waste of animal 
food is very remarkable when we recollect that many Insects 
have such perfect powers of assimilation that during their whole 
period of growth they only consume a mass of food — and that 
vegetable — ^but little larger in size than the bulk they themselves 
attain. This feet is well known in the case of Bruehus, Caryo~ 
horns, and other seed-feeding Insects. Burmeister has stated good 
grounds for believing that some of the larger Mantidae do not 
confine themselves to Insect diet, but attack and devour small 
Vertebratea^ He has given a circumstantial account of a case at 
Buenos Ajrres, where a small bird was secured by the wingless 
female of a large Mantis, which had commenced devouring its 
head when the observer took possession of the creature and its 
booty. Dubois states^ that when a decapitated, but living, 
Mantis was suspending itself to a roll of drapery by its four 
posterior legs, a person could detach with the fingers the left 
anterior leg (of the four) and the right posterior, or conversely 
the left posterior and right anterior, without the interference 
producing any action on the part of the creature; but if one 
of the other legs was also interfered with, which would neces- 
sarily have changed the position of the body, then immediately 
one of the two unoccupied legs was placed by the creature in a 
proper position ^ assure its stability. This reflex action alto- 
gether resembled in appearance a conscious action, and was as 
effectually performed. 

The combination in Mantidae of voracious and destructive, 
instincts with helpless and inert attitudes gives rise to the idea that 
these latter are adopted for the purpose of deceiving the living 
prey.and of thus more easily obtaining the means of subsistence. 


* Berlin, ent. Beitechr, tuL 1804, p. 284. 

* Ann, See. Linn. Lyon, zi. 1898, p. 206. 
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It appears, however, more probable that the helpless attitudes 
have no such origin, but are due to the structure and form of tlie. 
creature. The front legs being wonderfully well formed for 
raptorial purposes, have no capacity for locomotion or for support- 
ing the Insect in the usual manner, so that the body has to Ik* 
borne by the hinder two pairs of legs; at the same time the 
raptorial pair of limbs — which, it will be recollected, are of great 
size and attached to the anterior j)art of an unusually long 
prothorax — have to be held in such a position iis will not derange 
the equilibrium maintained by the posterior part of tlie bo<ly ; 
moreover, these large raptorial legs are entirely exserted, and 
have no trace of any articulatory cavity that might act as a 
mechanical aid to their support. Thus they could not Ihj 1h»M 
extended without great muscular exhaustion; hence we can 
well believe that the sedentary and helpless attitudes of the 
creature are not the results of any guile. 

A Mantis has been recorded as liearing a cl(»se resmuldance 
to a Phasmid of the genua Bacillus and having only small front 
legs ; it was suggested by Bates ^ that the Mantis would prolwibly 
be found to feed on the Bacillus. Though the case is of con- 
siderable interest, no further information about it hius Wn 
obtained. 

The simplest forms of the family are found in the groujw 
Amorphoscelides and Orthoderides. From our figure of one of 
these (Fig. 141, Mantoida luteola d), it will 
be seen that the peculiarities of the family 
can scarcely "be detected, the mptorial legs 
being very little developed and the prothorax 
short. The sexes, too, differ but little in 

these simple forms. Most of them are very 
rare in collections, but Wood-Mason states - 
that Amorphoscelis annulicornis is frequently 
found about Calcutta on tlie trunks of vre,tw 

trees, to the bark of which it is so similar siuitaretn. 
that it is only discovered with difliculty. 

In its rapid movements it resembles the coekniacdies 01 * MachiUs, 
more than it does the more differentiated forms of its own 
group. 

* Proc. ent. See. Londm, 1867, p. cv. 

* Cat. Mantodea, i. 1889, p. 4. 
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In the genns Pyrgoimntis (Fig. 142, P. aingvlarit, feiuale) 
the male haa the tegiaina and winga of normal aize, while in 
the female they are mdimentary. 

The variety of ahape and external appearance in thia fhmily 
ia very great ; de Sanaaiire conaidera it to be a mimetic group. 
In certain apeciea aome parts of the body — more especially the 
t^mina — have very much the appearance of foliage, and usually 
in such cases this appearance is confined to the female, the males 
in this family haiving, as we have said, the organs of flight more 
trans{)arent and colourless ; in the former sex the alar organs. 



Fio. H2,--jyrgmantU singviaris, Fio, 143, — Outline of Uuieradodia 

female. S. Africa. (After West- mncellata 9, nymph. (After 

wood.) Wootl-Maeon.) 

when present, are fretiueiitly but little adapted for flying. In 
some species ,the prothorax is expanded at the sides (Fig. 135, 
Peroplatya aaramea ; and Fig. 143, Choeradodis caneellata), and 
in such cases the outline of the natural thorax — if we may use 
such an expression-r-uiay be detected occupying the ..middle d 
the unusual expansion. The European Mantia rdigwaa varies 
much in colour; in some examples the t^pnina nte leaf-green, 
while in others they are brown or gray. There is some evidence 
extant making it probable that in spme species the. colour of an 
individual changes at'diftn^t iim^i^ — ^onel Eowker saying> of 
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SdTpox octllcUo thttt it ” l)6ats the Chniiieleou liullow iii chiuisfin^ 
colour." 

Some of the species of the old genus Erm wphila (Fig. 144) 
are of very unusual form. 3)e Saus- 
sure considers that some species of 
this genus are more highly modified 
than any other animals for maintain- 
ing their existence in desert regions. 

They are said to he found in places 
where no vegetation exists, and to 
assimilate in appearance with the 
sandy soil, the species varying in 
colour, so that the individuals agree 
in tint with the soil on which they 
dwell These Insects are referred to 
the group Orthoderides, and have a 
short prothorax, the alar organs being 
imsuited for flight. What they live 

on is hot actually known; ^though other Insects are the 
natulal food of Mantids, it is said that these desert-freciueut- 
ing species occur in s^wts where no other Insect life is known 
to exist. Ijcfebvre ^ met with these Kremiaphilos in the desert 
between the Nile and the Northern Oasis, El llahryeii, but was 
quite unable to discover their inode of sulwistence. Tliese 
Insects are very rare in collections, and the infomiatiou we 
possess about them is very meagre. 

ilr. Graham Kerr found on the Pilcomayo river a species of 
Mantidae living on branches of trees amongst lichens, which 
it so exactly resembled that it was only detected by the move- 
ment of a liftib ; ■ it was accompanied by a Phaneropterid grass- 
.^opp^eir, which We a similar resemblance to the lichens. One 
uf the rarest and’ most remarkable forms of Mantidae is tlu^ 
genue Toxodera, in which the eyes project outwards as ixtinted 
.^nes (Fig. 145). These Insects offer an interesting problem 
for study, since we are entirely ignorant about them. Brunner 
places the Tpxoderae in his tribe Harpagides, but with the 
remark that " these Ihsects of antediluvian shapes differ essen- 
tially from all other Mantidae.” 

WoodrMason informs «8 * that the young of }lymen»p'M hieornis 
* AtV*- Soe. ent. 1885, p. 46?. * /*. Soc. Lwdon, 1877, p. x»i*. 
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beautifully simulate blossoms of different colours. And it has 
been stat^ by Br. Wallace, on the authority of a communication 
made to him by Sir Charles Bilke, that a small Mantis found in 
Java exactly resembles a pink Orchis-flower, and this species 

“was not only said to 



Fw. 145 . — Toxodera deniictilata, male. Java. 
(Al\er Scrville.) 


attract Insects, but even 
the kind of Insects (but- 
terflies) which it allures 
and devours was men- 
tioned.” We do not know 
of what species or genus 
tlijs Insect may be, but 
Hymenopus Meornia is a 
peculiar form of the tribe 
Harpngides, and has, to- 
gether with its younger 
state, been figured long 
ago by Caspar Stoll in 
his quaint and interest- 
ing old book.‘ Though 
it has very peculiar foli- 
aceous expansions on the 
two hinder pairs of legs, 
these dilatations are very 
diftereut from those seen 
in the curious Gongylus 
yongyloidea, the female 
of which we figure (Fig. 
146). This latter,accor(l- 
ing to the information 


we shall quote, is also a 
“ floral simulator.” Specimens of G. gongyloidea were shown to 
the members of the Asiatic Society of Bengal in 1877 by Br., J. 
Anderson,* who at the same gave some information about them 


which we shall reproduce in full, because, incomplete as it is, it 
is apparently almost the sole piece of definite information wc 


possess as to this curious Insect, or any of its congeners : — 

“ These Insects all came from the same locality, having been 


* J/beeldiugcH dtr Spoken en wandtUnde Bladen, etc., Amsterdam, 1813. 
’ P, AtiaU Soe, Bengal, 1877, p. 193. 
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formrded to Mr. Buckland by Mr. Larymore of the Central Jail 
at Midnapur. Mr. Larymore had procured them from the neiirh- 
bouring country district, where Santal women and children hatl 
hunted them out and brought them in, hanging on branches or 
twigs of a bush, somewhat like a wild plum-tree. They are also 
said to be found upon rose-bushes, and in connexion with this it 



Fio. 146 . — Qongylua gongyUndes^ female. East India. 


was observed that, in Midnapur, they were known as rose-leaf 
Insects, from the circumstance that when the Insect is more 
ileveloped and furnished with wings, the foliaceous apijendages 
are said greatly to increase in size, and exactly to resemble row,- 
leaves. Dr. .Anderson, however, was disposed to think that more 
than one species might probably occur in the Midnapur district, 
and that these Insects with the larger foliaceous expansions might 
be distinct from the species now before the Society. 
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“ Mr. Buckland had made over these Insects to Dr. Anderson, 
and since that time they have been regularly fed upon .house-flies 
and grasshoppers ; the latter, however, appear to be rather too 
strong for them, and they therefore prefer the flies. They have 
been tried with small fragments of plaintain and custard-a^ple, 
which they not only eat, but the juice of which they seem to 
suck with considerable avidity, Dr. Anderson, however, thought 
that it was the moisture of these fruits that was the chief attrac- 
tion to these Insects, for the entire character of their organisation 
indicated a raptorial habit. 

“ Dr. Anderson went on to say that he had succeeded in 
identifying the three larger Insects by means of a single dried . 
specimen in the Indian Museum, which, however, was fully 
mature and provided with wings. These remarkable Insects 
proved to lie the pii]:)ae of a peculiar species of Mantis which was 
known to Aldrovandus, who figured it more than a century and 
a half before the first appearance of the Systema Naturae of 
Linnaeus, to whom it was known as Gryllus gongylodes, and also 
as Mantis gongylodes ; and since the time of Aldrovandus it had 
lieen figured in a variety of works on Natural Historj', but 
apparently in every instance from mature, and seemingly drie<l 
specimens, so that the colours of the Insect during life had never 
l)een correctly described. 

“ So much by way of introduction to these remarkable pu])ul 
Mantises, the recognised scientific name of which is Oongylus 
gongylodes L. 

“ The reason which induced Dr. Anderson to bring them to 
the notice of the Society had now to be pointed out. On looking 
at the Insects from above, they did not exhibit any very striking 
features beyond the leaf-like expansion of the prothorax and the 
foliaceous appendages to the limbs, both of which, like the upper 
surface of the Insect, are coloured green, but on turning to the 
under surface the aspect is entirely different. The leaf-like ex- 
pansion of the prothorax, instead of being green, is a clear, pale 
lavender-violet, with a faint pink bloom along the edges of the 
leaf, so that this portion of the Insect has the exact appearance 
of the corolla of a plant, a floral simulation which is perfected 
by the presence of a dark, blackish brown spot in the centre, 
over the prothorax, and which mimics the opening to the tube of 
a corolla. A favourite position of this Insect is to hang head 
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downwards among a mass of green foliage, and, when it does so, 
it generally remains almost motionless, but, at inter^-als, evinces a 
swaying movement as of a flower touched by a gentle breeze; 
and while in this attitude, with its fore-limbs baudeil violet and 
black, and drawn up in front of the centre of the corolla, the 
simulation of a papilionaceous flower js complete. The object of 
the bright colouring of the under surface of the prothoracic ex- 
pansion is evident, its purpose being to act os a decoy to Insects, 
which, mistaking it for a corolla, fly directly into the expectant, 
serrated, sabre-like, raptorial anns of the simubitor. It is no 
new fact that many Insects resemble 'the leaves of plants and 
trees, and that they manifest forms and colours which serve to 
protect them in the struggle for existence, but so far as ])r. 
Anderson had ascertained, this was the first recorded instance of 
an Insect simulating the corolla of a flower for the evident 
purpose of attracting Insects towards it for its sustenance. It 
is even more remarkable than this, for it is a localised adaptation 
for such a purpose, a portion of the Insect being so modified in 
form and colour tliat the appearance of the corolla of a plant is 
product, in conjunction with the remainder of the long attenuated 
prothorax, which at a distance resembles the flower stem; the 
anterior limbs when in repose even adding to and heightening 
the deception.” 

That we should have no more precise infonnation us to a 
large Insect of such remarkable habits and appearance, and one 
that has been known to naturalists for upwards of three centurie.s, 
is a matter for regret. Careful observation os to the habits, food, 
and variation of these floral simulators, and us to whether they 
seek for spots specially suitable to their coloration, would be of 
great interest. A European congener of this Insect, Emjmm 
pauperata, has small foliaceous expansions on the legs, but its 
haluts have not been noticed in detail 

The very carious Insect represented in Fig. 147, Htenophylla 
eomiigera, is a member of the tribe "Vatides ; the form of the cerci 
at the end of the body is very peculiar. This extremely rare, 
if not absolutely unique. Insect is a native of the interior of 
Brazil 

Dufour has recorded that Mantis religiom possesses the power 
of producing a mournful sound by rubbing the extremity of the 
body against the wings; it is stated that a hissing sound is 

VOL. V B 
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produced by other specif, and Wood-Mason has sug^ted ^ that 
a special structure exists on the tegmina for the purpose. 

There are jirobably about 600 species of Mantidae known ; 
they are distribute over all the warmer parts, of . the, earth, but 
there are none in the cooler regions. . Europe possiesses some twelve 
or fourteen species, most, of . them confine to the Meiterranean. 
sub-region ; a single species. Mantis religiosa, is fi.'equently found in 
Central France, and has been recoeed os occumng as .&r north as 
Havre. Although no species is a native of Britain, it is not 



Fro. ewmigera, Brazil. (After W«*twoo4) 


difficult to keep them alive here. Denny recoes * tlmt an egg- 
case of a Mantif was sent frpm Australia to England, and that 
the hatching of the . eggs was completed after its arrival. The 
young fed readily on flies, and we are informed that in the 
neighbourhood of Melbourne, where this Manfis is plentiful, 
specimens are placed by the citizens on the window-blinds of their 
houses, so. that the rooms may be cleared from flies by means of 
the indefatigable voracity of the Mantis, 

The geological record as to Mantidae is very . meagre and 
unsatisfactory. The genus Mantis is said to occur in amber, 
and Heer.-has referred to . the same genus an ilhpreserved fossil 
from the upper Miocene beds of Central Enro]^; a fragment 
* Tr. <H{. Sot. London, 1878, p. 263. * Ann. Nat. Biat. 8rd Mr. xix. 1867, p. 144. 
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of a hind wing found in the Jurassic strata of Sil)eria luvs l»een 
assigned to the family ; and until recently Lithomantis from the 
Carboniferous heds of ScotlantI was eonsidereil to belirng to 
Mantidae. Scudder, however, Inis ejected it therefrom, phu'ing it 
in the Neuropteroid division of Palaeudictyopteni, and Brongniurt, 
adding another sjxHiies to the genus from the CarlH^uiferous strata 
ill France, proposed to treat the two as a distinct family, which he 
called Palaeomantidae.^ This naturalist has, however, since miewed 
his study “ of these Insects, lias liecome convinced tlmt they have 
no relations with existing Mantidae, and has consiMiuently itaiioveil 
them to the family Platypterides in the Order Nimroptera. 

Six tribes of Mantidae are recognised by Brunner and de 
Saussure. 

Table of the tribes of Mantidae : — 

1. Aiitmor tibiae with the outitr edge nnarnKHl .beneath or only furnished 
with very minute tuljercles. (Pronotum not longer than the anterior 
coxae.) Tribe 1. AMoarHOSCKUDES. (Fig. 141, Afanlovka lutrohi.) 
r. Anterior tibiae with the outer edge epinose l>eneath. 

'i. Anterior femora having the inner edge luiued Inmcath with . c(|ual 
spines^ or with spines in which only the . alternate are Hinaller. 
Antennae of the male simple, rarely uni]>ectinate. 

3. Tibiae and also the intermediate ami hind femora even above. 

4. Legs and body with no lobedike 2 >roces 8 es. (Antennae nimph? 
in each sex.) 

Pronotum not forming any dilatation n)K>ve the insertion of 
the coxae, its lateral margins straight or (in the genus 
Choeradodii) strongly dilated with the anterior inaigiu not 
rounded. Tribe 2. Orthodsridkh. (Fig. 142, PyrgoviantU ; 
Fig. 143, Choeradodu ; Fig. 144, EremiaphUa turcica,) 

5'. Pronotum dilated above the insertion of the coxae, there with 
the lateral niarf^ns broadened in a round manner, the anteri<»r 
inaigin rounded. Tribe 3. Mantides. (Fig. 1 40, Jrii ontlorvt,) 
4'. Legs or body furnished with lobes. (Posterior femora or 
segments of the body with lolies, or vertex of the liead 
conically prolonged.) Tribe 4. Harpaciide 8. (Fig. 136, 
JIarpax varicgatui ; Fig. 1 35, Deroplatyc tarawaca,) 

3'. Tibiae os well as , the intermediate and liind femora carinate 
aliOVG. (Pronotum elongate, with the posterior part, behind the 
transverse gioove, three times as long as the anterior part) 
Tribe 5. Vatide& (Fig. 147, Steno}ihylla coinigera,) 

2'. Anterior femora beneath, with the inner edge armed between the 
longer teeth with shorter teeth, usually three in number. Antennae 
of the male bi^ctinate. (Vertex conically prolonged.) Tril)© 6. 
Empusides. (Fig. 146, Gongylut govgyloides.) 

^ Bull, Soe, PhiiomaL {%) ii. 1890, p. 154. 

• * JnHcU$fQtsik9datmp$primaire$, 1894, p. 353. 
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OKTHOPTERA CONTINUED — PHASMIDAE — ^WALKING-LEAVES 
— STICK-INSECTS 

Fam.V. Phasiddae— Stick and LmI tnaects. 

Head exserted ; prothorax small, not elongate; mesothorax very 
elongate ; the six legs differing but little from one another, 
the front pair not raptorial, the hind pair not scdtatorial. 
The eerci of the abdomen not jointed, consisting of only one' 
piece ! the tarsi five-jointed. Tegmina usually small, or 
entirely absent, even when the wings are present and ample. 
The sexes frequently very dissimilar. Absence of alar 
organs frequent. 

These Insects are amongst the most curious of natural objects. 
They are frequently of large size, some attaining 9 inches 
in length (Fig. 162, Palophus centounts, one-half natural length). 
Their variety of form could scarcely be sui^ssed; their re- 
semblance to products of the vegetable kingdom is frequently 
very great : some of the more linear species (Fig. 148, Lonchodes 
nematodes) look like sticks or stems of glass ; some have a moss- 
like appearance, while others resemble pieces of lichen-covered 
bark. The members of the tribe Fhylliides are leaf-dike. A 
ceiiain number of other Phasmids are covered with streng 
spines, like thorns (Fig. 149). The plant-like appearance is 
greatest in the female sex. When there is a difference between 
the two sexes as to the organs of flight, these are more fully 
developed in the male. 

The antennae are usually many-jointed, but the number of 
joints varies irem 8 to more than 100; the head is exserted; 
the eyes are more or less prominent ; ocelli are present in some , 
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case& The prothorax is always small, and it is a remarkable 
fact that it undergoes but little elongation even in those species 
that are most linear and elongate in form (see Fig. 148, Lonchodn 
nematodes), and that have the meso- and metiilliomces extremely 
long; it is very simple in structure, donsiating 
apparently merely of a dorsal and of a sternal 
plate, nearly the whole of the side tieing occupied 
by the large space in which the coxae are inserted ; 
the edges of the pronotum are not free. The 
mesothorax is frequently six times as long as the 
prothorax, though in the leaf-like and a few other 
forms it does not possess this great extension ; still 
it is always of lai'ge size relatively to the. other 
two thoracic segments. This is peculiar inas- 
much as in other groups where the mesothorax is 
relatively large thei’e are jx>werful mesothoracio 
wings ; whereas the Phastnidae are remarkable for 
the obsolescence of the mesothoracic alar append- 
ages. The middle legs and the tegmina or elytra, 
when present, are attached only to the posterior 
pirt of the mesothorax ; the notum and the 
sternum ai'e 8eparate<l by two iiaiTow slips on 
each .side, the epimeron and episternum. The 
metathorax is formed like the mesothorax, 
except that the posterior i.NU:t of the dorsal sur- 
face is considered to consist of the first venti'al 
segment consolidated with the posterior part of i| 

the metonotum, the two Iwing distinct enough in 
the winged fonns. The hind body or alxlomeh 
is elongated except in the Phylliides ; it consists 
of ten dorsal plates ; the first frequently looks like 
a portion of the metanotum, and is treated us Fn. H8.— 
really such by Westwood, who describes the abdo- 
men as consisting of nine segments The flat apical 
appendages are attached behind the tenth dorsal 
plate, The ventral plates are similar to the dorsiil in arrangement, 
except that in the female the eighth plate forms a sort of spoon-like 
or gutter-like process to assist in caiTying or depositing the eggs, and 
that the two following segments are concealed by it, and are some- 
times of more delicate texture. The legs vary greatly in the details of 
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their shape : the coxae are short, oval, or round, never large ; the 

■ troclianter is small; the front femora 
• often have the basal part narrower 
than the apical, and they are fre- 
quently so formed that they can be 
stretched out in front of the head, 
concealing its sides and outline and 
entirely encasing the antennae. 
There is an arolium or cushion 
between ,'the claws of the five- 
jointed tarsi. The front legs are 
frequently longer than the others. 
Only a very slight study has been 
made of the alar organs of Phas- 
midae; but according to Bedteii- 
bacher and Brauer, they differ 
greatly from those of Blattidae and 
Mantidae, inasmuch as the costal 
vein is placed not on the actual 
margin of the wing but in the 
field thereof, and in this respect 
they more resemble the Orthoptera 
saltatoria. 

Very little information exists 
as to the internal anatomy of the Phasmidae. Many years ago 
a memoir of a fragmentary and discursive nature was published 
on the subject by J. Muller but his conclusions require con- 
firmation; the nervous system, according to his account, which 
refers to Arumatia ferula, ' has the anterior ganglia small, the 
supra-oesophageal ganglion being apparently not larger than 
those forming the ventral chain, 

Johjr's more recent memoir on the anatomy of Phyllium 
erurifclium * is also meagre ; he states -that the nervous = system 
resembles that of the locusts (Acridiidae), though there arp at 
least ten pairs of ganglia — one supra-, one infra-oesophageul, three 
thoracic, and five abdominal He found no salivary glands';* the 
Malpigluan tubules ate slider, elongate, and very numerous. 
The tracheal , qvtem has no air-vesicles. He found no distinction 

' 4*taAe- xU, 18SS, pp. S58-S72, pi*. 

* Jftm. At. Sek TmOotue, Mtia* 7, iu. pp. 1-30. 
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of crop and proventricnlus, but the true stomach appears to consist 
of two different parts, the anterior being remarkably imeveu 
externally, though destitute of coeca, while on the pasterior part 
there are peculiar vermiform processes. There are eighteen or 
twenty tubes in cjicli ovary. 

When the young Insect is in the egg, ready for emergence, 
the meso- and meta-thorax are not I'emurknbly elongate, so tiuit 
the femora are not very far 
apart, but by the time the crea- 
ture has fairly emerged from the 
.prison of its embiyonic life the 
thoracic segments have attained 
their usual proportions; much 
expansion of the body takes place 
as the Insect leaves the egg, so 
that it appears a inai^'el how it 
could have b^ncontained therein; 
this expansion affects the parts 
of the body" une([ually. 

The reconls as tf» the post- 
embryonic development of Phas- 
inidae are very scanty, but indi- 
cate great differences in the 
length of time occupied by it. 

Bacillus patellifer is said to 
moult several times, Diaphero- 
mrm/emorate only twice. This 
latter species becomes full grown 
in six weeks, while, according 
to Murray,^ Phyllium scythe 
required fifteen or sixteen months for growth, and did not 
moult until ten months after hatching ; the number of 
eedyses in the case of the Phyllium was three. At each 
change of skin an immediate increase in size, similar to that we 
have noticed as occurring on leaving the egg, takes place ; each 
limb on being freed becoming about a fourth longer and larger 
than the emresponding port of the envelope hrom Which it has 
just been withdrawn. After the second moult ci Phyllium the 
tegmina and wings made their appearance, but remained of very 
^ JBdinJbwrfi^ Philcicph, Jawm, Juawj 1S66. 



Fio.150 . — AKhipamacaiadromust female. 
Somatra. Natural sioe. (After West- 
wood.) 
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small size until after the third moult, when they su44^7 
to their full size ; they came out of little ovses about a quartmr of 

an inch long, and in the course of a 
few minutes attained their full size 
of about two and a half inches of 
length. In the apterous q>ecies the 
difference between the young and 
adults in external characters is very 
slight. 

Phasmidae are. very sensitive to 
cold; both in North .^erica and 
Australia their lives are terminated 
by the occurrence of frost. They 
are all vegetable feeders, the canni- 
balism that has been attributed to 
them by several writers being prob- 
ably imaginary. They are, how- 
ever, excessively voracious, so that a 
pair will destroy a great quantity 
of foliage ; they are consequently 
in some parts of the world classed 
amongst injurious Insects. In P^ji 
and the Friendly Islands, Lopavhu$ 
(After Waztwood.) cocophogua eats the cocoa-nut foliage 

and causes a scarcity of food, so that 
it becomes a matter of necessity to destroy these fosects. One 
writer has gone so far as to attribute the occurrence of cannibal 
habits amongst the inhabitants of some of these islands to the want 
of food caused by the ravages of this Insect. Some, if not all, of 
the Phasmidae have the habit of ejecting a stinking fluid, that is 
said to be very acrid, and occasionally, when it strikes the ^e, to 
cause blindness; this liquid comes from glands placed in the 
thorax. Some Phasmidae are much rolished as food by birds ; 
IHapheromera fefnorata is sucked by several bugs as well as eaten 
by birds, and another species is recorded to have harboured 
Ichneumon-flies in its body without suffering any apparent incon- 
venience from their presence or from their emergence. Not- 
withstanding the great amount of food they consume and their 
want of actinty, they produce comparatively few eggs. From 
twelve to twenty or thirty is frequently mentioned as about the 
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number, but in the case of JHapheromtra femorata Riley speaks 
of upwards of one hundred. These eggs are not deposited in any 
careful way, but are discharged at random, simply dropping from 
the female; the noise caused by the dropping of the eggs of 
Diapheromera femorata from the trees on which the Insects are 
feeding to the ground is said to resemble the pattering of rain- 
drops. The eggs of this 

species often remain till 
the second year before 
they hatch. The eggs 
in the Phasmidae gen- 
erally are of a most 
remarkable nature, and 
nearly every one who 

mentions them 8J)eaks J52, — Kgg* of Phasmidae : A. Limch<idt$ (luiDTH- 

of their extreme I'esem- B. platj/emnia tdulU; 0, nuplnpu$ ffrayi; 

blance to seeds. Goldi* (AftorKaup.) 

has suggesteil that this is for the purpose of deceiving Ichneumons ; 
it is, however, on record that the eggs are actmlly destroyed by 
Ichneumons. It is worthy of notice that the eggs are shed like 
seeds, Ijeing dropped loosely and, as we have said, remaining on 
the ground or elsewhere, sometimes for nearly two years, without 
other protection tlian that they derive from their coverings. 
Each egg is really a capsule containing an egg, reminding us thus 
of the capsule of the Blattidae, which contains, however, always 
a number of eggs. Not only do the eggs have a history like that 
of seeds, and resemble them in appearance, but their capsule in 
minute structure, as we shall subsequently show, greatly resembles 
vegetable tissue. The egg-capsule in Ptiasmidae is provided 
with a lid, which is pushed off when the Insect emerges (Fig. 
1.57). This capside induced Murray to suppose that the egg 
contained within is really a pupa, and he argued therefrom that 
in the Orthoptera the larval stages are passed in the egg, and 
that the Insect after its emergence should be looked on as an 
active pupa that takes food 

The individuals of this group of Insects possess the power of 
reproducing a lost limb ; and Scudder, who has made some experi- 
ments as to this,’ states that if a leg be cut off beyond the 

> Zool. Jakri. I 18M, p. 724. 

* P, Sifstoh Soc, xiL 1869, p. 99. 
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tiMhautero-feihoral articulation, the parts remai^g outside of 
this dropped before the next- uiibult, and^ fuce afterwards 

renewed either as S' straight, shoiii stump in which the articula- 
tions are already observable, or as a 
' miniature leg, the feinur of which is 
straight and the tibia and tarsus 
curved into a nearly ctanplete circle ; 
in the former ease, the leg assumes at 
the next moult the appearance that 
it has in the second case ; this lattei- 
form is always changed at the succeed- 
ing moult into a leg resembling the 
normal limb in every respect except- 
ing size, and the absence of the fourth 
tarsal joint (-Fig.. 153). If the leg 
be removed nearer tb the body ' than 
the trochantero-femoral articulation 
the limb is not replaced.- 

The sexes are frequently ex- 
tremely different; the female is usually 
very much larger than the male. 
This latter sex often possesses wings 
when they are quite wanting in the 
other sex ; the resemblance to por- 
tions of plants is often very much 
greater in the female than it is in 
the male. 

We have pointed out that the 
tegmina or upper wings ore usually 
of small size or absent (Fig.- 150, 
Asehipasma caiadromtui), even in the 
species where the lower wings are 
very largely developed ; in such cases 
the latter organs are folded in a 

Fia. 153 . — Cyphoemnia aatuans; i. j 

individutl in which the right complicated, fan-like manner, and 

2*"* .***,J2* iSSS repose on the back, looking as if 

Swegal. (Aiter Wwtwood.) ’ 

they were really the t^mina (Fig. 
159, Calviaia atroi^nata)’, Uiis appearance, moreover, is in some 
species enhanced much by the. &ct that the part of the wing 
which is outermost in the folded state is quite difforeutly 
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coloured from jfche rest of the organ. The colour of the body in 
irmny Phasmidae is said to be very variable, and if the tints Ije 
owing to cldorophyll or other plant juioes, finding their way amongst 
the In8ect7ti8sues, this is readily understood; in Diapheromern 
the young Insect is brownish on Iwtifhing, liecomes giwn after 
feetiing, and turns brown again when tlie leaves do sa The 
ocelli, too, are said to be very variable, and M'Coy goes so far 
as to state ^ that they may be either present or absent in different 
individuals though of the same species and sex, — a statement so 
remarkable as to reiiuire minute examination, though it is to some 
extent confirmed by the remarks of other entomologists. 

The resemblance presented by different kinds of Orthoptora 
to leaves is so remarkable that it hw attracted attention even in 
countries where Natural Historjf is almost totally neglccU'd ; in 
many such places the inhabitants 
are firmly convinced that the 
Insects aie truly • transfonned 
leaves, by which they understand 
a bud developing into a leaf and 
subsequently becoming a walking- 
leaf or Insect. To ' them the 
change is a kind of metamor- 
phosis of habit ; it grew as a leaf 
and then took to walking.^ It 
is usually the tegmina that dis- 
play this great resemblance to 
vegetable structures, and there is 
perhaps no case in which the 
phenomenon is more marked than 
it is in the genus Phyllium, the 
members of which occur only in 
the tropical r^ions of the Old 
World, where they extend from 
Mauritius and the Seychelles to 
the Fiji Islands — possibly even 
mere to the East — and have, it would appear, a peculiar penchant 
for insular lifis. The genus Phyllium constitutes by itself the 
tribe Phylliides. Although the characters and affinities of this 

^ Pnd. Zwd, riMoria, Dtcida Yii. 1^82, p. 84. 

^ See de Bone, CR. Soc. ent. MgUjuCt szvii. 1883, p. cxliii. 
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Kio. 154 . — Phyllium Kyiht^ female. 
Sylhet. (After Went wood.) 
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group have been only very inadequately investigated, it will 
probably prove to be a very distinct and isolated one. The 
species are not well known, hut arc probably numeiwis, and the 
individuals are believed not to be rare, though the collections of 
entomologists are very badly supplied with them. The resem- 
blance of the tegmina or front wings to leaves is certainly of 
the most remarkable nature. During the early life the Insect 
does not possess the tegmina, but it is said then to adapt itself 
to the appearance of the leaves it lives on, by the positions it 



Fig. 155. — PhylUum scythe^ mole. Sylhet. (After Murray.) 


assumes and the movements ’ it makes. When freshly hatched 
it is of n reddish-yellow colour. The colour varies at different 
periods of the life, but “ always more or less resembles a leaf.” 
After the young Insect has commenced eating the leaves it speedily 
becomes bright green ; and when the metamorphosis is completed 
the female Insect is possessed of the leaf-like tegmina shown in 
Figs. 154, 156. Before its death the specimen described by 
Murray passed “ through the different hues of a decaying leaf.” 
Brongniart has had opportunities of observing one of these leaf- 
insects, and has, with the aid of M. Becquerel, submitted their 
colouring matter to spectral analysis,^ with the result of finding 

' See Murray, Edinlurgh New Philosophical Journal, January 1856. 

> CJt. Ac, Paris, cxviii. 1894, No. 24, p. 1299. 
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that the spectrum exhibits slight distinctions from that of solu- 
tions of chlorophyll, but does not differ from that of living 
leaves. Mr. J. J. Lister when in the Seychelles brought 
away living specimens of Phyllium; and these becoming short 
of food, nibbled pieces out of one another just as they might 
have done out of leaves. . The Thasmidac are purely vegetable 
feeders, and these specimens did not seriously injui'e one another, 
but confined their depredations to the leaf-like appendages and 
expansions. 

The males of this genus are totally different from the females ; 
the foliaceous tegmina being replaced by appendages that are not 
leaf-like, while the posterior wings, which are large and conspicu- 
ous parts of the body, have no leaf-like appearance (I'ig. 155). 

In the female Phyllium the hind wings are not present, 
being represented by a minute process (Fig. 15C, B). The 
tegmen of the female Phyllium is, from various points of view, 
a remarkable and exceptional structure. It is the rule that 
when there is in Insects a difference between the alar organs of 
the ^wo sexes it is the male that has them hugest ; this is the 
case in Phyllium so far os the hind wings are concerned, but in 
the fore-wings the rule is departed from, the leaf-like tegmina of 
the female being very much larger than the rudimentary wing- 
cover’s of the male. In Phasmidae it is the rule that the tegmina 
are atrophied, even when the hind wings are largely developed. 
This is the case in the male of Phyllium, but in the female this 


normal condition is le- 
versed. Although the alar 
organs of Phasmidae have 
received hitherto but a small 
amount of attention, it is 
probable that the female 
tegmen of Phyllium is as 
peculiar morphologically as 
it is in other respects. In 
Fig. 156 we give an accur- 
ate , representation of the 
chief nervuies in the teg- 
men of a female P. cruri- 



Fla. 156. — Alar organa and one side of thorax of 
Phyllium crur^olium : A, tegmen ; B, rudi- 
ment of >ving ; C, pronotum ; 0, anterior 
division of inesonotum ; E, posterior division ; 
F, inetauotum ; a, 5, c, d, e, chief wing- 
uervures ; a, mediustinal ; b, radial ; c, ulnar ; 
d, dividens ? ; e, plicata I . 


folium. It is interesting to compare this with the diagrams we 


give of the tegmina of a Blattid (Fig. 121) and of an Acridiid 



2/0 


ORTHOPTERA 


CHAP. 


(Fig. 167) ; the tegmeii of the Phylliiim is very different, the radial 
vein and all the parts behind it being. placed quite close to the. 
posterior edge of the. structui’e. A similar view is taken by 
l>oth liedtenbacher and Brauer. The latter says,' “ In Phylluim . 
(the walking-leaf) almost the. whole of the front wing is formed 
l»y the praecostal and subcostal fields; all the other fields with 
tlieir nervures, including even the costa, are compressed towards 
the hind margin into a slender stripe. In the Ijind wing the 
(M)sta is, liowever, marginal.” Unfortunately no examination 
appears to have been made Of the male tegmen, so that we 
do not; know , whether that of the female differs from it mbrpho-; 
logically as strongly as it does anatomically. It is, .however, 
clear that the ' tegmina of the female not only violate 

a rule that is almost universal tin the Inseeta, but also, depart 
widely from the sfime parts of its mate, and are totally different-™ ' 
and, for, a Phasmid, in an almost if not quite unique fashion — . 
from the other pair of alar organs of its own body. 



Fio. 157 . — of Phyllium scythe, (After Murray.) A, The whole egg, natural tfiie ; 

A\ magnitied ; B, the capsule brokeu, showing the true egg inside, natural size ; 

B\ magnified. 

We have already alluded to the resemblance to seeds displayed 
l)y tlie eggs of Phasmidae. The eggs of Phyllium have been^ 

^ SB, Ak, \c\, 1885, p. 361. The nomonclaturo applied to the nervures 

by these authors is not the same as that of Brunner ; according to their view the 
wing of Phyllium^ female, differs more from the wing of Blatta than it does accord- 
ing to a comparison made with the nomenclature we adopt. 


Fza. 158.— Portion of a longitudinal section of the egg capsule of PhylUum cnirifolium : 
a, external ; middle ; c, iuiier zones ; elongate alveoli. x 100. (Aliev 
lleiiiieguy.) 

of a pile French-white colour, l)earing a close resemblance to the 
texture of a hen’s egg, but it is not calcareous, and has more the 
appearance of enamel.” The eggs of P, crurifolium have been 
examined by Joly and Henneguy; their account confirms that 
of Murray. Henneguy adds that a prominent lozenge on the 
egg represents the surface by which the achene of an umbelliferous 
plant is united to the column, and that the rnicropyles are placed 
on this lozenge. The minute structure of the capsule has also 
been examined by several entomologists ; and Henneguy,^ who 
has described and figured some of the details of the capsule of 
P. crurifolium, .says, Almost every botanist, on examining for 

^ Bull, Soc. Philomathiquc (8), ii. p. 18. 
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the first time a section of this capsule, would declare that he is 
looking at a vegetable preparation.” 

We may remark that, although there is difference of opinion 
on the point, the evidence extant goes to show that the egg- 
capsules are formed in the egg-tubes, only one egg being pro- 
duced at a time in a tube,^ the others in it remaining quite 
rudimentary. 

About 600 species of the family are known ; there are only 
four or five kinds found in Europe, and they are all confined to 
the south, only one of them extending as &r north as Central 
France. The males of these European Bacilli are extremely rare 
in comparison with the females, which are common Insects. 
Phasmidae are of almost universal distribution in the warm parts 
of the world, and even the species whose individuals are of large 
size seem to be able to continue their existence in comparatively 
small islands. Australia is perhaps the region where they are 
most largely developed at present. Macleay says of Podaeanthvs 
wUldnsoni that it is rare in any part of Australia to find in the 
summer season a gum-tree without a few of these Insects grazing 
on it ; and occasionally this Insect has ‘been so abundant there 
that the trees for miles around have been denuded of their foliage 
by it, and the dead and dying Insects have been found lying 
beneath the trees almost in heaps. There are several Phasmidae 
in New Zealand, all wingless forms, and different from those 
found in Australia. In Brazil, a species of the genus Priaopus 
has the peculiar habit of seeking shelter under the stones sub- 
merged in the mountain streams ; to enable it to do this it is 
remarkably constructed, the under side of the body being hollowed, 
and various parts set with a dense fringe of liairs ; the Insect is 
supposed to expel the air from the body in order to adhere to the 
upper sur&ce of a stone, where it sits with its fore legs extended 
in front of its head, which is directed against the current At- 
tention has been called to a still more remarkable form i»id to 
be allied to the Prisopi, by Wood-Mason,* who calls the Insect 
Cotylosoma dipneustieum. This Insect is apparently known only 
by a single example of the female sex ; it is 3 or 4 inches in 
length, has rudimentary organs of flight, and along the lower 
margins of the metathorax there are said to be on each side five 

* Lftboulbine, BvU. Soe. ent. Fraim, 1867, p. czuTL.and Henn^y os aboTe. 
i Awn. Nat. BiO. (6) i. 1878, p. 101. 
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conspicuous fringed plates of the nature of tracheal gills ; these 
coexist with open stigniata for aerial respiration, as in the imago 
of Pteroiuircys, The writer has examined this curious Insect, 
and thinks it very doubtful whether the plates are luaiudiiac at 
all. The locality for this Insect is the island of Taviuni, in>t 
Borneo, as stated hy Wood-Mason. These and one or two Acri- 



Fio, 159 . — Calciaia alrosvjiuUa, ieiimlc. Tenas.serim. (AfUn* Brunner.) 

diidae are the only Insw^ts of the Order Orthoptera at present 
believed to iK)ssess a<iiiatic habits. 

Although the number of sjMjcies of Bhasmidae is small in 
comparison witli what we tind in many of the large ‘fiiinilies of 
Insecta, yet there is probably no other family that e<|uals it in 
multiplicity of form and diversity of external api)earance. 

VOL. v 
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Karnhidion (Fig. 160 ), a genus found in some of the islands of 
the southern hemisphere, has the hind legs enormously thickened 
in the male. Some Phasmids, e.g. Orxines zevxis, have the hind 
wings marked and coloured after the manner of butterflies or 
moths. Lamponius laciniatvs has an elaborately irregular out- 
line, looking like a muss of moss, and some species of Bacteria 
are so very slender that the linear body is scarcely equal in size 




Fig. 160 . — Eurycantha (Karabulion) 
austraiia, male. Lord Howe’s* 
Island. (After Westwood. ) 


Fio, ICl . — Aniaomorpha parda- 
Ihia, Chili. (Alter West- 
wood. ) 


to one of the legi^ it Injars. Among the most interesting forms 
are the Insects for which the genera Atjatliemera and Anirn- 
viorpha (Fig. 161 ) have teen established; they ai*e. remarkably 
broad and short, have the mesothorax Imt little elongated, with 
the tegmina attached to it in the form of two short, thick, 
lathery lobes ; while the wings are seen as marks on the meta- 
notum looking like a mere sculpture of the surface ; these Insects 
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have quite tlie appearance of larval forms, and it is worthy of 
note that the elongation of the mesothorax, which is one of the 



Fig. 1^2 . — Palophus cmtaurm, OUl Calubtr. Half niitural size. (After Westwood.’) 
most marked features of the Phasmidae, is in these forms only 
^'el•y slight. 

’ The antennae in the sjteciineii represented were no doubt mutilated, tliougb. 
Westwood did not say so. 
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Some Insects said to Ijplong to the genera Phasma and 
Bacteria have been found in amber. A single Insect-fossil found 
in the Tertiary strata in North America has recently been inferred- 




Fia. 163 . — TitaHOjihaaiua foyolu Carboniferous formation at Commentry. xj. 

(From Zittel. ) 


by Scudder to the fomily, and even to a genus still existing in 
the New World — Agathemcni; the fragment is, however, so 

defective, and the charac- 
teristic points of the 
Phasmidae are so little 
evident in it, that not 
much reliance can lie 
placed on the determina- 
tion. No Phasmid has 
been unearthed from 
Mesozoic strata, so that, 
with the exception of the 
fragment just mentiom*(h 
nothing that evidently 
lielongs to the Phasmidac 
Fig. 164.~r:^anojj/w.«nG/«yori (restoration). has been discovered older 
^ than the remains pre- 

served in amber. In the Carlioniferous layers of the Palaeozoic 
epoch there are found remains of gigantic Insects that may 
possibly be connected with our living Phasmidae. These fossils 
have been treated liy Brongniart and Scudder as forming a 
distinct family called Protophasmidae. The first of these authors 
says ^ that our Phasmidae were represented in the Carboniferous 
' Oil Ac. Pans, xcyiii. 1884, p. 832. 
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epoch by analogous types diftering in the nature of the organs 
of flight: these ancient Insects were of larger size than their 
descendants, being 25 to 50 centimetres long, and as much as 
7 0 in spread of wing. To this group are referred, on somewhat 
too inferential grounds, the fossil wings found in tlie Carbon- 
iferous layers, and called by Goldenberg Dictyoneura. 

We reproduce from ZitteFs handbook a figure (Fig. 163) of 
one of tlieso gigantic Insects, and add an attempt at a restora- 
tion of the stiiue after the fashion of Scudder (Fig. 164). From 
these figures it will be seen that the relation to our existing 
Fhasmidae must at best have been very remote.^ It will l>e 
noted that the larger of the two figures is on a I scale. 

The classification of Phasmidae was left in a very involved 
state by Stfil, but has recently l^eeii brought into a more siitis- 
lactory condition by Brunner von Wattenwyl. We give a trans- 
lation of his table of tlie tribal characters : — 

1 . Tibiae beiicatli carinate to the apex, without an apical area. 

2. Antennae much lon;^'er than the front femora, many jointed, the 
joints lieing above 30 in number and only distinct at the base and 
towards the apex.^ 

3. Median [true first aMominal] segment much shorter than the 
metaiiotum.** The species all apterous, 

4. Tlie anal segment of the males roof-like, more or less 
Inlobate. The female has a supra-anal lamina. The 
species inhabit the OH World, Tribe 1. Loxchodides 
(Fig. 148, Lmwhodes nematode»,) 

4 . The anal segment of the males arched, straight bcliind. 
Xo supra-anal lamina in the female. The species are 
American. Tribe 2. Bacuxcultdes. 

3'. Afedian segment as long as, or longer than the metanotum. 

Species with the male or both sexes winged. 

4. Females apterous or rarely possessed of short wings.^ 
Males winged. Femora dentate beneath, or lobed, or at 
least armed with one tooth. Species occur both in 
America and in the Old World. Tribe 3. BACTEHni)£t». 

(Fig. 162, Pulo2}hu8 centaurus,) 


' In his recent Jnsectes fossilcs des temps primaireSy pp. 373 and 396, M. 
Brongniart has liimself removed this Insect to Protodonates. We shall again men* 
tioii it when discussing that group. 

- Bactridinm, though placed in this tribe, has only short antennae, of 20 joints. 

^ Bostra and Clonislria^ belonging to Bacunculides, have the median segment 
almost as long as the metanotum. 

* The American genera PtcrinoxyluSf Jfaplojnis, and Camlaulcst as well os the 
African Patophus^ possess winged females. 
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4'. Each sex winged. Femora smooth l^eneath. The 
species belong to the Old World. Tribe 4. Necro- 
sctDES. (Fig. 169, Calvma atrosignata,) 

Antennae (at any rate in the females) shorter than the front femora, 
the joints distinct, not more than 28 in number. The species 
belong to the Old World. 

3. Median segment shorter than the inetanotum. Apterous 

species. Cerci plump. Tribe 5. Clitumnidks. (Fig. 160, 
Eurycantha australis.) 

iV. Median segment longer than the inetanotum. Species usually 
winged. Cerci (except in some genera of the group IHaty- 
craninae) flattened, elongate. Tribe G. Acrophyllides, 
(Fig. 153, Cyphocrania aestiians.) 

1'. Tibiae furnished beneath udth a triangular apical area. 

2. Antennae many jointed, longer than the front femora. 

3. Median segment shorter than the metanotuin. Apterous 

species.^ 

4 . Either head, thorax, or legs spiny or lobed. Tribe 7. 
Cladomorphides. (Fig. 149, Heteroptmjx grayi.) 

4'. Head, thorax and legs unarmed. Tribe 8. Aniso^ 
MORPHIDES. (Fig. Aydsomorplici ^^ ardalina .) 

3'. Median segment longer than the metanotuin. 

4. Claws unarmed. Tegmina lobe-like, either perfectly 
developed or entirely absent, llio winged species are 
all American, the apterous are both African and 
Australian. Tribe 9. Phasmidks. 

4'. Claws toothed on the inner side. Tegmina spine-like. 
Wings well developed. The species are Asiatic. Tribe 
10. Aschipashides. (Fig. 150, Aschipusvia catcuiww us.) 
Antennae shorter than the anterior femora,- foi’ined of not more 
than 20 joints. Old World siiecies. 

3. Body slender. Apterous. Tribe 11 . Bacillidks. 

3'. Body very broad, lamina-like. Either wings or tegmina 
present Tribe 12. Phylliides. (Fig. 155, Phyllium scythe, 
male ; Fig. 154, idem., female.) 


^ The African and Australian genera Orohia and Parewrohia, although they have 
a short median segment, are placed in the tribe Phasmides of this division. 

^ This character is evidently erroneous as regards the males of the genus 
Phyllium.— D. S. 





CHAPTER XIT 


ORTHOPTKUA (OXTINUKD — ACRIDl IDAK 

Fam. VI. Acridiidae — Locusts and Grasshoppers. 

Orthoptera with the hind Ug$ differing from the others by being 
more elongate and having their femora broader near the 
base. Antetmae shorty with less than 30 joints, iVl* 
exserted ovipositor in female. Tarsi short, v:ith three 
distinct joints. The anditmy organ placed on the side of 
the upper part of the first abdominal segment. 



Fig. 165 . — TryxeUis nasuta, female. Natural size. Europe. 


We commence the consideration of the saltatorial Orthoptera 
with the family Acridiidae. It includes the grasshoppers of our 
native fields as well as the destructive migratory locusts of 
foreign countries, and is the most numerous in species and indi- 
viduals of any of the Orthopterous families. Our native grass- 
hoppers, though of small size, give a very good idea of the 
Acridiidae. Active little Insects, with large head, conspicuous 
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eyes, laterally somewhat compressed body, long hind legs with 
femur directed upwards and backwards, the knee-joint forming 
an acute angle, the organs of flight pressed to the sides of the 
l)ody, our common grasslioppers represent the Acridiidae (piite as 
truly as do the gigantic exotic forms, some of which measure 
9 or 10 inches across the expanded wings. 

Tlie large head is immersed behind in the thorax ; the front 
is ileflexed, or even inflexed, so as to be phiced in a plane at an 
acute angle with that of the vertex (Fig. 165); the compound 
eyes are placed at the sides of the head and rather widely 
separated ; in front there are three small ocelli. Two of these 

arc jdaced one on each side close to 
the eye between the eye and the base 
of the antenna; the third oc(»11uh 
being in the middle just in front of 
the insertion of the antennae, Imv 
tween the (jdges of the margined 
S])ace that usually runs down the 
middle of the front. Tlie positions 
of these ocelli and the shape of the 
front and ui>])iu’ juirts of the head 
are of importance in the classification 
of the family ; the ocelli vary much 
in their development, l>eing in some 
species beautifully clear and promi- 
nent (Fig. 1 66), while in others they are small, not easily detected, 
apparently functionally imperfect. The antennae are never very 
long, are sometimes compressed and pendent from the front of the 
head. The parts of the mouth are very hirge. The prothorax is 
much arched ; it is often carinate or crested along the middle of 
the notum ; this part is frecjuently prolonged backwards, forming a 
sort of hood over the base of the wings ; the surfiice may be 
rugged or warty, forming in sfune sjiecies inexplicable structures ; 
the legs are widely separated, all of them being placed at tlic 
sides of the body; the edge of the pronotum is distinct and 
situate close to the base of the leg ; the prosternum frequently 
bears a large projection extending directly downwards l 3 etweeri 
the front legs. The mesothorax is short, its chief sternal piece 
is very bruid, the middle legs being very widely separated. The 
metathorax is larger ; its sternal plate usually exhibits behind a 



Fiu. 1(56. — Front of Lead of Porlhctis 
sp. Transvaal. 
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sort of embrasure filled up by a portion of the first ventral jilate. 
The hind body is elongate, and shows distinctly eight dorsal 
segments, beliind which are the 
pieces forming — in the female, the 
fossorial organs which replace an 
ovipositor — in the male, the modi- 
fied parts connected with the ter- 
minal segment. The alar organs 
(Fig. 167 ) exliibit, according to 
Jlrunner, the same areas as wi; 
luive described *in Blattidae. Ac- 
cording, liowever, to Uedtenbacher ^ 
the tegmina of the Acrkliidae and 
other saltatorial Ortlio]>tera differ 
from thcise of the cursorial group 
(witli tlie exception of the Plias- 
midae) in that they possess a 
praecostal field, due to the fact 
that the vein which in the Cur- 
soria is costal, i.e. forms tlie frdnt 
margin, in tlui Saltatoria lies, on 
the contrary, in tlie field of th(5 
wing. If this vitiw be (jorrect the 
mediastinal area of Brunner is not 



Fio, 167. — Alar organs of Acriiliiflae 
(Bryodemi tiiherculata). A, l^ft 
tegnien ; B, left wiiig: ar.mcdy area 
inediiostiiia ; ar.sCf area sou]>ularis ; 
ar,disc^ .area disc.oirlalis ; tirjiny aunl 
area ; vena inediustina ; r.r, 

vena radialis ; i\rM^ vena radialis 
anterior ; v.r.ni, vena radialis media ; 
v.r.p, vena radialis jmsterior ; v. /, 
vena intercalata ; vena nlnaris 

anterior ; vena iihiuris pos- 

terior ; r.f/, vena dividens ; v.pl^ vena 
plicata. (After Brunner.) 


homologous in the two divisions. The tegmiiica are long and 
comparatively narrow ; they are of firm parchment-like texture, 
with several longitudinal veins, which divide beyond the middle, 
.‘^o as to become more numerous as they reach the extremity of 
the wing ; there is niucli reticulation, dividing the surface into 
numerous small cells. The hind wings are much more ample, 
and of more delicate texture; the longitudinal veins fork but 
little, the numerous cross veinlets are fine. In repose the hind 
wings Ibid together in a fan-like manner, and are entirely con- 
cealed by the upper wings. The front and middle legs are 
similar and small, the coxae are quite small, and do not com- 
pletely fill the articular cavities, which are partly covered by 
membrane ; all tlie tarsi are three-jointed. The basiil joint, when 
looked at beneath, is seen to bear three successively placed pads, 
so that from beneath the tarsi look as if they were five-jointed 


^ Ann, Hof mm, Witn, i. 1886, p. 175. 
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(Fig. 185, C), The hind legs are occasionally very long; their 
femora, thicker towards tlie base, are generally peculiarly sculp- 
tured, bearing longitudinal ridges or grooves, which are more 

or less spiiiose, and are also 
very frequently marked with 
short parallel lines meeting a 
central longitudinal line at 
similar angles, so as to give 
rise to a well-marked pattern ; 
whei’e the legs arti broader 
the pattern is more complex 
(Fig. 168). The long tibiae 
bear two rows of spines on 
their u[)per or posterior edge ; 
this part of the Iiind leg can 
be completel}' bent in under 
the femur. The stigmata consist of one })ro thoracic, one meta- 
thoracic, and eight abdominal pairs. 

In reference to the ocelli, which ai’c shown in Fig. 166, W(» 
may remark that the Acridiidae -is one of the large groups of 
Insects in which the coexistenai of compound and single eyes is 
most constant, though in some of the wingless forms the o(ielli 
are very imperfect. AVe know at presmit of nothing in tlie 
habits of Acridiidae to render two kinds of eyes specialiy iw*ces- 
sary. We shall subsequently see that a similar condition in 
regard to the function of hearing is believed to exist in this 
family. 

Acridiidae are remarkal)le amongst tlie Orthoptera for the 
jiossession of air sacs or vesicular dilatations in the interior of tlu*. 
Insect in connexion >vith the tracheae (Fig. 176). Such vesicles 
are found in many of the higher winged Insects, but not in larval 
forms, or in those that are destitute of powers of llight.^ They, 
no doubt, assist the Insect in its movements in the air. The body 
of a large grasshopper or locust is naturally of considerable 
weight, and it is more than probable that true flight can only be 
accomplished when these vesicles are dilated and filled with air. 
The exact mode in which the sacs are dilated is not known ; 
possibly it may te accomplished by the elasticity of the structure 
of the vesicles coming into action when the other contents of the 
^ Newport, Tr, Linn. Soe. xx. 1851, p. 419. 



Fkj. 168. — Tliiul leg of Porthetis sp. 
Transviuil. 
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body are not completely developed, or are temporarily diminished. 
Although air vessels are absent in the neigliboiiriiig groups of 
Orthoptera, Dufour says they are present even in aj)terous forms 
of Acridiidae, but he gives no pirticiuars.^ Tackard has given 
an account^ of the arrangement of tliese remarkable sacs in tlie 
Rocky Mountain l..ocust. He finds that there are two sets : a 
thoracic group, consisting of a pair of very large size, with which 
are connecjted some smaller sjics placed in the head; and an 
abdominal set, which forms a very remarkable series. Tlit^ 
figures we give (Fig. 176, A, R) show that these sacs are of such 
large size tliat if fully distended they must interfere* with the 
development of the ovaries, and that they must l)e themselves 
greatly diminished, if not obliterated, by the distension of the 
alinuaitary canal. We may kw^k on them 
as only coming into full play when the 
normal distension of the canal is prevented, 
and there is only small development of the 
reproductive organs. Under such circum- 
stances the locust becomes a sort of balloon, 
and migrat(?s. In addition to the air sacs 
tliere are many dilatable tracheae, placed 
chiefly in parts of the body where there is 
not space for the large air sacs. These are, 
for the sake of clearness, omitted from o\ir 
figure. 

The ganglia constituting the lirain are 
simpler in Acridiidae tlian they are in the 
liigher Insects, such as l)ees and wasps, and 
liave Ijeen specially studied by Vackard^ 



and Viallanes.'* The other ganglia of the Fra. 1 6l>.— Ovaries of 
nervous cord are eiglit in number, three 

thoracic and five fibdoniinal. appendage ; c, seUtic 

The stilivury glands are small. The ’ (AftToufoM.)"* 

alimentary canal is citpacious but not 
coiled. It has no gizzard, but the crop has a peculiar structure, 
apparently as a substitute. There are diverticula connected 
with the true stomach. The Malpi'ghian tubes are elongate 


^ Mem. Ac. Set. £irang. vii. 1834, p. 274. 

* First Ann. Rep. U.S. EiU. Comm. 1878, p. 271. 

» Rep. U.S. Ent. Comm. ii. 1880, p. 223. * Ann. Sci. Nat. (7) iv. ZooL 1887. 
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iiiul extremely numerous. The pair of , testes is united in a 
single envelope. The form and arrangement of the ovaries 
is renitarkable (Fig. 109); the egg-tul)es are united by the con- 
vergence of their terminal threads into a single mass ; outside of 
each ovary there extends a large calyx, into which the tubes 
open ; each ctdyx is prolonged at its extremity, and forms a long, 
convoluted tube. 

Acrid iidae possess structures for the production of sound, together 
with others that are, no doubt, for hearing. The chirping of grass- 
hoppers is accomplished l>y rublnifg together the outer tace of the 

up})er wing ajid the inner flice of tlie hind 
femur. This lattiu’ part bears a series of 
small bead-like prominences placed on 
the upjun* of the two lower ridges that 

iL leiniir 

of ^ifenofiothrus, 



sliowing lino, K-at of miisionl |y f ppr 

beads. (After Lamloi.«, “ 
iiiagiiified three times.) 


Fk;. 170. Inner fare of femur , i ^ ^ . 4 i 

lualo, along the side that is nearest to the 

170) ; the tegmen or wing-case 
has projecting veins, one of which is 
slightly more prominent, and has a sharji 
edge ; hy scraping this edge over the beads of the femur the wing 
is thrown into a state of vibration and a musical sound is produced. 
The apparatus for jiroducing sound was for long supposed to he 
coiiliiieil to the male sex of grasshoppers; it was indeed known 
tliat females iiaule the move- 
ments appropriate.for producing 
music, hut as they apjieared to 
he destitute of instruments, and 
as no sound was known to 
follow from their (dfiuts, it was 
conclud(?d tlait tliese were 
merely imitative. (Jraber has, 
however, discovered ^ tlait rudi- 
mentary musical organs do 
exist in the females of various 
species of Stenohothrva (Fig. 

171, B). It is true that in 
comparison with those of the male (Fig. 171, A) they are 
minute, but it would appear that they are really phonetic, 
though we can hear no sounds resulting from their use. 

Graljer considers that the musical ])egs of Acridiidae are 
' Verh, zooL‘hot, Ges. JTicn, xxi. 1871, }». 1097. 



Fw. 171 . — A, Some of the knobs projecting 
from the surface of the femur of Stenofjo^ 
thrus melampteniSf male ; B, same of the 
female. Highly magiiilied. (After Oraber.) 
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modified hairs, and he states that in certain females the stages 
intermediate between hair and peg can i>e Ihiind. There is 
apparently much variety in the structure of these instruments in 
different species, and even in individuals of the same siHMues. 
In Htenobothrm lincatus, instead of p'gs, the iiistruinent consists 
of raised folds. 


In some of the al)errant forms of Acridiidae — certain Kremo. 
biides and Pneumorides — the mal(*8 are i)rovi<led with sound- 
producing instruments different to those, we have descril)ed, botli 
as regards situation and structuri*. 

If tlie dorsal aspect of the first segment of the hind body 
an Acridian Insect be carefully examined there may be seen in 
the majority of si)ecies an organ whi(‘b lias 


somewliat the appearance of an ear (Kig. 172;, 
ami which tliere is great reason for believing to 
lie really an organ of tliat nature. It is situate 
a little over the articulation of the hind leg, 

vmy close to the 



spot where the 
sound is, as abovi‘ 
descrilunl, jH’oduced. 
There an* three 



V\i . 172. 
of })0(ly of 
tffhifi 

(f/itfif to slmw 
t ymi>aini!ii, f. 
(.Vlti'i- Hnimu'r.) 


f ibrins of these Acri- 

dian ears as describ l»y 1» 

^ (1) a menibrane surroundi'd by a. 
rim ; (2) the membrane somewhat 
<lepressed, a [lortion of the segment 
jnojecting a little over it; (o) the 
depression very strongly marki'd, 
and the sides jaojecting ovt*r it so 
much that all that is seen externally 
is a sort of Inoad slit with a cavity 
beneath it. This last* is tlie con- 
1^0 Ar * 41 A dition in which the ear exists in 

fusei't with wings oxe-ainUsl ; B, the geiieru Jft'COSfcthuS (I Ig. 1 V o) 


md Stmohothrus, anion- 

our few native grasshopper.s. On 
minute examination this ear proves to consist of a lympanuin 
supplied internally with nerve and ganglion in ad<lition to 


^ J^'crh. znof.-hol, Ocs, rFiVn, xxiv. 1874, p. 28C. 
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iniiscrles, anti tracheal apparatus of a complex nature; it is no 
doubt delicately sensitive to some forms of vibration. Unlike 
the stridulating organ, these ears exist in both sexes ; they are 
found in a great majority of the species of Acridiidae. .The 
forms in which the ears are absent are usually at the »ime time 
wingless and destitute of organs of stridulation ; but, on the other 
hand, there are species — some of them wingless — that are, so far 
as is known, incapable of stridulation and yet possess these e^trs. 

It is, indeed, a matter of great ditticulty to decide as to the 
exact function of these ear-like acoustic organs, which, we may 
remind the reader, are jjeculiar to the saltatorial Orthoptera, and 
wo must refer for a full discussion of the subject to Grabcr’s 
masterly works, ^ contenting ourselves with a brief outline, which 
we may (!ommenc(! by saying that the Orthoptera with ears are 
l»elieved to be sensitive to sounds by means otlier than these 
organs. This suggests tliat the latter exist for some purposes 
of perception of special sound. But if so what can this be i 
Only the males possess, so far as we know, eftective sound- 
producing organs, l)ut both sexes liave the special ears ; nion;- 
over, these structures are present in numerous species where 
we do not know of the existence of phonetic organs in either 
sex. Tlius it appears at present impossible to accept these 
organs as being auluinly sjiecial structures for the perception 
of the music of the species. It is generally thought that the 
females are charmed by tlie music of tlie males, and that these 
are stimulated to rivalry by the production of tlie sounds ; and 
Dufour - has suggested that this prwess reacts on the physio- 
logical processes of the individual. There has not been a sutlicient 
amount of olisei vation to justify us in accepting tliese views, and 
they do not in any way dispose of the difticulty arising from the 
existencie of the acoustic organs in species that do not, so far as 
we know, pi'oduce special sounds. It is possible tliat the solution 
of the difficulty may be found in the fact that these appanuitly 
dumb species do really jiroduce some sound, though we are quite 
ignorant as to their doing so. It is well known that sounds 
inaudible to some human ears are perfectly distinct to others. 
Tyndall, in his work on Sound, lias illustrated this by a fact that 
is of special interest from our present point of view. “ Crossing 


’ Dcnk, Ak. Wicitf xxxvi. 1875 ; Arch, inikr. Ami. xx. and xxi., ]882. 
* Mem, Ac. ScL itraiuj, vii. 1834, p. 306. 
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the Wengern Alp with a friend,” he says, “ the grass on each side 
of the path swarmed with Insects which to me rent the air with 
their shrill chirruping. My friend heard nothing of this, tlie 
Insect world lying beyond his limit of audition.” If human 
ears are fo different in their capacities lor perceiving vibrations, it 
of course l)ecomes more probable that auditory organs so differently 
constituted as are those of Insects from our own may hear sounds 
when the best human ear can detect nothing audible. On the 
whole, therefore, it would ap))ear most probable that the Orthoptera 
provided with atjoustic organs, and which we consider dumb, are 
not really so, but produce sounds we cannot hear, and do so in 
some manner unknown to us. If this be the case it is probable 
that these ears are special organs for hearing particular sounds. 

Scudder, who has given considerable attention to the sulyect 
of Orthopteran music, sjiys that in N. America ‘‘ the uniformity 
witli wliich eacli species of Stenohoiliritfi plays its own song is 
(juite remarkable. One kind, StenobothruH vurtipcunis, produces 
about six notes per second, and continues them from one and a 
lialf to two and a lialf seconds ; another, 8, melanophuru^, makes 
from nine to twelve notes in about three seconds. In both 
cases the notes follow each other uniformly, and are slower in tlui 
shade than in the sun.” 

Some of the species of Aeridiidae, it should l)e noticed, products 
a noise during their flights through the air, due to the friction 
of the wings ; whether this has a definite iniportanee, or wlietlier 
it may be entirely incidental, has scarcely yet l)een considered. 

Information of a satisfactory kind as to the post-embryonic 
development of tlie Aeridiidae is but scanty. We have repre- 
sented in Fig. 84, A, the condition in which a migratory locust, 
Sclustucrrcft pcmjrina, leaves the egg, and we will here complete 
the account of its growth ; following Brongniart,^ whose statement 
is confirnied by Ix^stage and other naturalists. Immediately 
on leaving the egg the young locust casts its skin, and is then 
of a clear green colour, but it rapidly becomes brown, and in 
twelve hours is black. At this early age the gregarious in- 
stinct, possessed by this and some other species of Aeridiidae, 
tecomes evident. In six days tlie individual undergoes a second 
moult, after which it is black, spotted and banded witli white, and 
with a rose-coloured streak on each side of the hind body. The 
* BhU,Soc. Philoynath,{%)y, 1893, p. .'f. 
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third ecdysis occurs in six or eight days after the second ; the 
rose colour l)ecoine8 more distinct, and the head is of a brown tint 
instead of black. After eight days the fourth ecdysis occurs; 
the creature is then a])out 35 millimetres long; its colour has* 
much changed, the position of the markings is the same, but the 
rose colour is replaced by citron yellow, the line of the spiracles 
is marked with white, and at this time the creature has the " first 
rudiments of wings,” and is very voracious. In ten days another 
ecdysis takes place, the yellow colour is more vivid, the prothorax 
is definitely speckled with white, and the hind body is increasing 



I lUj, 


Fkj. Irl. — Development of w'in;;s in Calujjtenus spnins : the upper row gives a Ifiteml 
view of the tlioraeie .segments, aiul the lower row n dorsal view of these segments ; 
1, second instar ; 2, third iiistar ; 3, fourth instar; 1, tifth iustar. (After Riley.) 
/, tcgniun ; wing. 


much in si/e. In fifteen or twenty days tlic sixth moult occurs, 
ami tliQ lusetit upiieai-s in its perfect form ; the large tegmina 
now present are markwl with hlm-k in the manner so well known, 
ami the surface geuemlly is variegated with hluisli and rosy marks. 
Although tlii-s is the colour in Algeria, yet apparently it is not 
so farther stjuth; the Insec-ts that arrive thence in the French 
colony are on some occasions of a ditterent colour, vijs. reddish or 
yellowish, those of this latter tint being, it is l)elieved, older 
8i)ccimen8 of tlie reddish kind. M. Brongniart points out that 
some Phasmidae — of the Phyllium group — undergo an analogous 
series of colour-changes in the couiee of the individiuil develop- 
ment, though other sirecics do not. 
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Rile)" and Packard have given an account ^ of some parts of the 
post-embryonic development of tlie RcK*ky Mountain Locust, which 
enables us to form a siitisfactory conception of the stages of de- 
velopment of tlie wings. Fig. 1*75, A, represents the first instar 
the young locust, just emerged from the egg and colourless. Fig. 
174 shows some of the subsequent stages of development of tlie 
wings, the upper line of ligiires giving a i)rofile vit*w of the 
thoracic segments, and 
the lower line showing 
their dorsal aspects ; 1 
shows the condition of 
the parts in the second 
instar, the chief ditter- 
ence from the first instav 
being the development 
of colour; in the third 
instar there is an evident 
slight developiiKuit of 
the future alar organs, 
exhibited chiefly in the 
outgrowth and lobing 
of the free posterior 
angles of the meso- and 
metauota, as shown in 
Fig. 174 , 2. After the 
third moult there is a 
great difference ; the iii- 
stur then disclosed — 
the fourth — lias under- 
gone a consideralde 

change in the position 17 :».—Calnpten7(3 spretm, Nortli Anu-rita. A. 

- , , Newly liatdied, much mugiiiticd ; B, mlult, iiaiural 

of the meso- and ineta- (After Riley.) 

thoraces, which are 

thrust forward under the pnaiotum ; this has l)i*come nujrc enlarged 
and hood-like (Fig. 174, /I) ; at the same time the wing-rudiments 
have become free and detached, the inetatlioracic pair being the 
larger, and overlapping the other pair. The fifth instar (Fig. 1 74, 
4) differs but little from the fourth, except in the larger size of the 
pronotum and wing-rudimeiits. Tlie sixth — shown in Fig. 175, 11 
* Firdt Ann, Hep, U,S, Ent, Comm, 1878, p. U79. 
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— is the perfect Insect, with the alar organs free and large, the 
prothorax much changed in form, the colour different. From the 
above it will be seen that the chief changes occurred at the third 
and fifth ecdyses, after each of which a considerable difference in the 
form of the Insect was revealed. In the first three instars the 
sexes can scarcely be distinguished, in the fourth they are quite 
distinct, and in the fifth coupling is possible, though usually it 
does not occur till the final stage is attained. 

Tlie discovery tliat Orthoptera ciiange their colours in the 
course of their development, and even after they have become 
adult, is important, not only from a physiological point of view, 
but beciiuse it throws some light on the questions as to the 
number of species and tlie geographical distribution of the 
migratory locusts, as to whicli tliere has existed a great confusion. 

The Acridiidae are considered to be exclusively vegetable 
feeders, eacli individual consuming a very large (piantity of food. 
The mode in which the female deposits lier eggs has Ijeeii 
descril)ed by Ililey,^ and is now widely known, liis figures having 
l)een frequently reproduced. The female has no elongate ovi- 
positor, but possessi^s instead some hard gouapophyses suitable for 
<ligging purposes ; with tluise she excavates a hole in the ground, 
and tlien deposits the eggs, together with a quantity of fluid, in 
the hole. She j)refers hard and compact soil to that which is 
Icwse, and when the operation is completed but little trace is left 
of it. The fluid deposited with the eggs hardens ami forms a 
protection to theiii, corresponding to the more definite capsules of 
tlie cursorial Orthoptera. 

Tlie details of the process of oviposition and of the escape of 
the young from their imprisonment are of much interest. Accord- 
ing to Kiinckel d*Herculais* the young Stnuroiiotus maroccaiins 
escapes from the capsule by putting into action an ampulla 
formed by the membrane between the head and the thorax ; this 
ampulla is supposed to lie dilated by fluid from the body cavity, 
and is maintained in the swollen condition by the Insect accumu- 
lating air in the crop lieneath it. In order to dislodge the lid of 
the capsule, six or seven of the young ones inside combine their 
eftbrts to push it off by means of their ainpullae. The ampulla 

' Jiep, Jiis. Missouri, ix. 1877, p. 86. 

*** Bull. Soc, ent. Frawe (6), x. 1890, p. xxxvii., and CB. Ac, Paris^ cx. 1890, 
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subsequently serves as a sort of i\?servoir, by the aid of wliich the 
Insect can diniiiiish other parts of the body, and after emergence 
from the capsule, penetrate cracks in the earth so as to reacli the 
surface. Immediately - after doing tliis the young Stauronoius 
moults, the skin it casta lieing (fallal by Kiinckel an amnios. 
Tlie cervical ampulla reappears at subsequent moults, and enables 
the Insect to burst its skin and enun*ge from it. 

The prcK'esa is apparently dilleinmt in Cdloi’itrnua sjmtvs, 
which, according to Ililey, ruptures the egg-shell and works its 
way out l»y tlie action of the sjiines at the aj»ex of tlie tibiae. 
This latter Insect wlum it emerges moults a pellicle, which Ililey 
considers to be part of the embryonic membranes. 

Kiley states that a female of Cainptaiv.s sjjrrfas makes .several 
egg-masses. Its jieriod of ovipositing extends (jver about G2 
days, the number of egg-masses being four and the total nuiiiU*!* 
of eggs deposited about TOO. The Trench naturalists have 
recently observed a similar fact in Algeria, and have ascertained 
that one of the migratory hsaists — ^^rliiskwerca — may 

make a deposit of eggs at more than one of the places it may 
alight on during its migration. 

It has been aseertained that the eggs of Acridiidae are very 
nutritious and afford sustenance to a uumher of InsecTs, snimi! of 
which indeed appear to find in them their sole means of subsist- 
ence. beetles of the family Cantluiridae freiiuent the bx'ulities 
where the eggs are laid and depo.sit their eggs in the egg-masses 
of the Orthoptera, which may tlius be entirely devoured. Two- 
winged flies of the family Bombyliidae also avail themselves of 
these eggs for food, and a mite is said to he very destructive t(» 
them in North America. Besides being thus destroyed in 
enormous quantities by Insects, they are eaten by various birds 
and by some mammals. 

Mo.st of the Insects called locusts in popular language are 
memliers of the family Acridiidae, of which there are in diflenmt 
l>arts of the world very many species, prol)al)ly 2000 l)eiiig 
already known. To only a few of these can the term Locust l)e 
corrwtly applied. A locust is a species of grasshopper that 
occasionally inci-eases greatly in number, and that moves alxmt in 
swarms to seek fresh fcxxl. There are many Orthoptera that 
occasionally greatly increase in numbers, and that then extend 
• their usual area moi-e or less ; and some Acridiidae multiply 
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Ifjcally to a great extent — very often fur one or two seasons only, 
— and are tlieu called locusts. The true migratory locusts are 
species that have gregarious habits strongly developed, and 
that move over considerai)le distances in swarms. Of these there 
are but few species, althougli we hear of their swarms in many 
parts of the world. 

The migratory bxiusts do much more damage than the endemic 
sj)ecies. In countries tliat are liable to their visitations they 
have a great influence on the prosperity of the inhabitants, for 
they appear siidtUuily on a spot in huge swarms, which, in the 
space of a few liours, clear off all the vegetable food that can l>e 
eaten, leaving no green thing for beast or man. It is diflicult 
for those who liave not witnessed a serious invasion to realise the 
inagnitiule of the event. Iiiirge swarms consist of an almost 
incalculahle number of individuals. A writer iii Xaiare ^ states 
that a flight of locusts that passed over the lied Sea in November 
1889 was 2000 sfiuare miles in extent, and he estimated its 
weight at 42,850 millions of tons, each hxjust weighing of an 
ounce. A second similar, perhaps even larger, flight was se(*u 
])assing in the sainb direc.tion the next day. That such an 
estimate may )»e no exaggeration is rendered probable l)y other 
testimony. From oHicial accounts of lunists in Cyj)rus we find that 
in 1881," up to the end of Octo))er, 1,900,000,000 egg-cases had 
been that .season collected and destroyed, eacli case containing a 
consielerable number of eggs, lly the end of the season the weight 
of the eggs collected and made away with amounted to over 1300 
tons, and, notwithstanding this, no less than 5,079,000,000 egg- 
cases were, it is believed, deposited in the islaml in 1883. 

When we realise tlio. enormous number of individuals of which 
a large swarm of hxnists may consist we can .see that famine is 
only a too probable secpience, ami that pestilence may follow — as 
it often lias done — from the decomposition of the bodies of the 
dead Insects. This latter result is siiid to have occurred on some 
occasions from locusts tlying in a mass into the sea, and their 
dead bodies being afterwards washetl ashore. 

Locust swarms do not visit the districts that are subject to 
their invasions e^ ery year, but, as a rule, only after intervals of 
a cousideralde number of years. It has l)een satisfactorily 

^ Carruthei*s in iV^aifwr^, xli. 1889, p. 153. 

* Blue-book f O', 4960, 1887 ; and P, ent, Soc. Loiuion, 1881, p. xxxviii. 
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ascertained that in lM)th Algeria and Morth America large swarms 
f)ccur usually only at considerable intervals. In Xorth America 
Kiley thought’ the average periml was alnnit i*le veil years. In 
Algeria the first invasion that occurred after the tK;cuj>ation of 
the country by the French was in 1845, the second in 1864, 
the third in 1866, since which 1874 and 181)1. havi* been 
years of invasion. These breaks setmi at first strange, for it 
would be supposed that as l(X?usts have great powers of increase, 
when once they were established in any spot in large numbers, 
there would be a constant production of superHuous imlividuals 
which would have to migrate as regularly as is tlie case with 
swarms of liees. The irregularity seems to de]K‘nil on threi^ facts: 
viz. that the increase of LkuisIs is ke])t in clieck by ]>arasitic 
Insects; that the eggs may remain more than om». year in the 
ground and yet hatch out when a favoumble season occurs ; and 
that the migratory instiiu't is only ellective when great iiuiuIkts 
of superfluous individuals are produci*d. 

It is not known that tlui jiarasites have any powiT of re- 
maining in abeyance as the l(K‘Ust eggs may do; and the bird 
<lestroyers of the locusts may greatly diminish in numln*rs during 
a yciar when the Insects are not numerous; so that a. dispro- 
]»ortion of numbers betW(H*n the Imuists and tlieir destroyers may 
arise, and for a time tlie Imuists may increase ra])idly, whiles tin? 
])arasites are much inferior to them in numl)ers, it* tliere should 
come a vi*ar when vc*rv few of the liKUists hat(*h, then llui next 
year there will be very few parasites, and if there sImnM then be 
a large hatching of lotaists from eggs that have remained in 
abeyance, the parasites will not 1 k 3 present in sufticient (piantity 
to keep the destructive Insects in check ; consequently the next 
year the incre«ise in numljer of the locusts may be. so great as to 
give rise to a swarm. 

It is well established that locusts of the migratory siiccies 
exist in countrie.s without giving rise to swarms, or causing any 
serious injuries ; thus rachytylus cineraseens — perhaps the most 
important of the migratory hx,*usts — is always ju’esent in various 
localities in Belgium, and does not give rise to swarms. When 
migration of locusts does occur it is attended l»y remarkable 
manifestations of instinct. Although several generations may 
elapse without a migration, it is Ijelieved that the l(X;usts when 
• Jtfip, £ntomologist, 1885, p. 229. 
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they migrate 


do so ill the direction taken by predecessors. 

Their movements are to a large ex- 
tent dependent on the wind, and it 
is said that they make trial flights 
to ascertain its direction. When on 
the wing probably very little mus- 
cular effort is necessary. Their 
1)odies contain elastic air sacs in 
communication with the tracheae, 
and at the time of flight it may be 
presumed tliat the body is compara- 
tively empty, food being wanting, 
and the internal organs of repro- 
duction, which occupy a large 8])ace 
when in activity, yet undeveloped, 
hence the sacs have full room for 
expansion, as explained on p. 2 8 Ik 
A Thus the Insects exert but little 

fvi. 176 . — Portions of bo<iy of effort ill their aerial movements, and 

of th« air-sacs. (MndiHod froi., are, it IS iH'lievtHl, cliietty borne by 

Piwkard.) A. l^r^l aspect of wilul Should this liecoine un- 
anterior parts ; B, lateral aspect i i i i i 

of posterior parts of body ; i/, en- lavourahle it IS Said that they alight 



largcments Of tracheae in heatl ; 

0, pair of largii sacs m tliorax ; ^ 

r, sacs on the tracheal trunks of TllC lllOSt ol)SCUre poillt ill tllC 

abiiomeii ; .v, spiracles. natural liistory of the migratory 

locusts appears to be their disappearance from a spot they 
have invailetl A swarm will alight on a locality, deposit there 
a number of eggs, and tlicii move on. But after a lapse of a 
Reason or two there will Ik? few or none of the species present 
in the spot invadt'd. Tliis appears to be partly due to the young 
locusts dying for want of food after hatching ; hut in other cases 
they again migrate after growth to the land of their ancestors. The 
latter fact is most remarkalile, but it has been ascertained by the 
U^.S. Entomological (.V)mmissioii that these return swarms do occur. 

In South Africa it would appear that the movements of 
the migratory locusts are frequently made before the Insects have 
acquired their wings. Mrs. Ikirber, in an account of " Locusts and 
Locust-Birds in South Africa,” ^ has illustrated many points in the 


1 Tr. S, A/r, Phil, Soc, i. 1880, p. 193. The species is thought to be Pachytylus 
auldcollis Stal. 
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Natural History of these Insects. The South African species mani- 
fests the gregarious and migratory disi)osition when the individuals 
are quite young, so that they travel in flocks on foot, and are called 
by the Dutch “ Voetgangers.” After hatching, the various families 
of young amalgamate, so that enormous numliers come together. 
Having denuded the neighbourhood of all its food-supplies, they 
move off in search of freshcrops and pastures new. They take advan- 
tage of roads, and sometimes a gocnl many miles will l)e traversed in 
a day; they pnxieed by means of short leaps,rapiilly rei)eated. When 
the “ Voetgangers ” are thus returning northwards towards the 
lands in the interior from which their i>rogenitors departed, no 
obstacles can stay their course. Forests or rivers may intervene, 
diverting them for a while from their line of march, but they 
succeed ultimately in continuing their journey to the interior. 

The manner in which these wingless locusts ocrasionally cross 
broad rivers is interesting, as it has some l)earing on the 
difticult question of the possibility of winged Uxaists crossing seas 
of considerable width. Mrs. lW1>er refers to an instance that 
t(x»k place on the Vaal Itiver in the spring of the yenr 1871, 
shortly after tlie discovery of the Diamond-fields. The country 
was at that time swarming with young locusts; every blade, of 
grass was cleared oft* l)y them. Onti day a vast swarm of tlie 
“ VcH^tgangers ” made their appearance on the banks of tbe Yaal 
Eiver ; tliey appeared to lx? in search of a spot fur crossing, 
which they could not find, the river being somewhat swollen. 
For several days the locusts travelled up the stream ; in the 
course of doing this tlu?y ])aused for some time at an abrupt 
bend in the river where a numlxn* of rocks were cropping out, 
as if in (loul)t whether to attempt a passage at this place. Tliey, 
liowever, passed on, as if with the hope of fimling a better ford ; 
in this apparently they were disappointed, for tliree days after- 
wards they returned to the same liend of the river, and there 
plunged in vast multitudes into the stream, where, assisted by a 
iavourable current and the sedges and water-])lants which grew 
upon the projecting rocks, they managed to effect a crossing, 
though great numliers were drowned and carrie<l away liy the 
fl(X)ded river. Mrs. Barber adds that “ Voetgangers ” have been 
known to attempt the ]mssiige of the Orange Eiver when it was 
several hundred yards in breadth, pouring their vast swarms into 
the flooded stream regardless of the consequences, until they 
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became lu*ape(l each other in large boilies. As the living 

mass in the water accumulated, some portions of it \verc swept 
away )iy the strong current from the bank to which they were 
clinging, and as the living locusts tightly grasped each other and 
held together, th(‘y bec*am(j iloating islands, the individuals con- 
tinually hopping and creeping over each other as tlujy drifted 
away. Whether any (»f the l(X-*ust-islands succeeded in reaching 
the opposite bank is unknown; probably some of them were 
drifted on laml again. I'ln^y are by no means rapid swimmers; 
tliey do not ])erisli easily in the water when in masses, their 
habit of continually clianging places and hopping and creeping 
round and rouiid upon each other being very advantageous as a 
means of ju'eservation. It is a ctanmon jnactice for the young 
locusts to form a bridge over a moderately luoad stream ))V 
]»lunging indiscriminately into it and holding on to eacli other, 
grappling like drowning men at sticks or straws, or, in fact, 
anything that comes within their reach, and that will assist in 
Iloating them; nieanwhile tluise from beliind are eagerly pushing 
forward over tlie bodies of iium that aie alr(‘ady in the stream 
and hurrying on to thc3 front, until at length by this jn’oeess 
i\w.y ri'ach tlie opp(>site bank of the. river; thus a floating mass 
of living hx'usts is stretchc'd across the stream, foi’ining a bridge 
over wdiich the whole swarm ])ass(»s. In this manner few, 
coniptarativi'ly «pi*aking, are drowned, l)eeause the same in- 
dividuals do not remain in the water during the whole of the 
time occupied by the swarm in crossing, tlie Insects continually 
changing places with each other; those that are beneath art*, 
endeavouring to reach the surface by climbing over others, whilst 
those above them are, in their turn, being forced below. I^xmsts 
are e.xceedingly tenacious of life, remaining under water for a 
considerable time without injury. An apparently drowned locust 
Avill revive beneath the warm rays of tlie sun, if by chance it 
reaches the bank or is cast on sliore. Mrs. Barber ndates an 
interesting case where the instinct of the “ Voetgungers ” was at 
fault, they plunging into a river from a steep sandy bank, only 
to find another similar sandy pnx*ipicc tai the other side. On this 
they could gain no footing, and all perished in the stream, where 
they putrefied, and caused the death of the fish, which floated 
likewise on the surface ; so powerful were the effluvia produced 
that no one was able to approach the river. 
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T-cK-usts aro nhh to travel eousideralile ilistaiiees, tlu)ii»>:h Imw 
far is (juite luieertaiii. Amnnits vary as to their moving hy 
niglit. It has, liowever, been reeently proved that they <lo 
travel at night, but it is not aseertained how long they can 
remain in the air without descc^ndiiig. The oeean is undoul>tedly 
a source of destruction to many swa-ms; nevertheless, they 
traverse seas of consideralde width. They have been known 
to reach the Balearic Islands, and Scudder gives ^ a well-authen- 
ticated case of the occurrence of a swarm at sea. On the 
2iid of Novemlier ISOo a ship on tlie voyage from JlordcNiux 
to Tioston, when 1200 miles from the nearest land, was in- 
vaded liy a swarm of hicusts, the air and the sails of the ship 
being tilled with them for two days. Tlie s])eeies inovid to 
be Arriiltfim (Srlnsforcirn) This is an extra- 

ordinary case, for hxuists do not lly with rapidity, lunng, indetMl, 
as we have rcauarkcul, chieily carried by tlio wind. lN»ssi))ly 
some sp(‘cit‘s may occasionally rest on the watiT at night, jiro- 
ceeding somewliat alter the lashion of tlie Voetgangers ” when 
]>assing over rivers as described by Mrs. Ikiiliev. In Sir Hans 
Sloaiie’s liistory of Jamaiea an account of an ixjeurrencii of this 
kind is given on the authority of Colonel Needham, who states 
that ill l()4t) locusts devastated the island of Tenerife, that they 
were seen to come from Africa wlien the wind was blowing tluaice, 
tliat tluw flew as far as they could, then alighti'd on the water, 
one on the other, till they made a lieap as liig as the greati*st 
ship, and that tlie next day, lieiiig refreshed by tlie sun, they took 
flight again and landed in clouds at Tenerife. 7)e Saussure says^ 
that the great oceans are, as a rule, impassable barriiTS, and that 
not a spi'cies of the tribe OedijMidides has passed from tlie Old 
World to the New. It is, however, pussilJe that Acridmin 
f/rinn w, of the tribe Acridiides, may have originally been an inlia).»i* 
tant of Ameriai, and have jiasseil from thence to the Old World. 

Tlie s}>ecies of Acridiidae that have Ix^en ascertained to lie 
migratory are not numerous.® The most aliundant and wididy 
distrihut(‘d of tliem is Pachytylm cinerascens (Fig. 177), whicli 
has invaded a large part of the Eastern hemisphere, extending 
from the Atlantic Ocean to China. It exists in numerous spots 


^ Clt, Site, enit, Belyiqm, xxi. 1878, p. 6. 

- Addit, ad Prodromum Oedipodionnnf 1888, p. 12. 

•* Sec Redtcnbacher, Vber Wandcrheuschrcckcn^ itiJahT€8ber*.ltcal8eJivX$Budw^i9A^^^^ 
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in the Oriental region and the Asiatic Archipelago, and even in 
New ZealaiLd. It is the commoner of the locusts of Europe, Its 


congener, P. migratoriwt, is much 



Fio. 177.— European migratory locust, 
Pachytylua cineraacens 9. 


less widely distributed, its 
migrations being, according to 
de Saussure, limited to Turke- 
stan and Eastern Eurojie. A 
third species, R migratori- 
aides, Inhabits Eastern Africa, 
and a variety of it is the 
“ Yolala ” or locust of Mada- 
gascar. Mr. Distant has in- 
formed the writer that this 
migratory locust is found in 


South Africa. R. (Oedalevs) 


marmoratus has almost as wide a distribution in the Eastern 


hemisphere as R, cinernscens, except that it is more exclusively 
tropical ; it is thus excluded from New Zealand. P. {Oedaleiis) 
nigrofasemtus has a more northern distribution than its (ymgener, 
but has extended to Africa and the Asiatic Archipelago. This 
Insect is so variable that tlie distinctions of its races trom other 
species of the same genus are not yet clear. All the above- 
mentioned locusts belong to the trilie Oedipodides. Acridhim pere- 
grinum, now more frecjuently called Sehistocerca peregrina, belongs 
to the tribe Acridiides. It is a large locust (Fig. 84), and has 
a wide distribution. It is the chief species in North Africa, and is 
proUibly the locust of the plagues of Egypt mentioned in the 
book of Exodus. It is also, aicording to Cotes,' the chief locust 
of North-West India. In this latter country Pitchy tylus ciner- 
ascens and some otlier species also occur. Witli the exception of 
S, peregrina, the species of the genus tSchistoeerca are contined to 
the New Worhl. In North America locusts are more usually 
called gras.shoppers. Seveiul species of the genus Calojdenus are 
injurious in tliat country, but the chief migratory species is C, 
spretus (Fig. 175). This genus l)elongs to Acridiides. A large 
locust, Schistocerca avierimmi, is also migratory to a small extent 
in the United States. In South America other species of Schis- 
iocerca are migrator)^ ; it is not known how many there may Ik?, and 
it is possible that one or more may prove to l)e the S, peregrina 
of the Old World A Chilian species, according to Mr. E. C. Eeed,* 


^ J, Bombay N. H, See* viiL 1893, p. 120. ^ P. enL Soc, London, 1893, p. xxi. 
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exhibits distinctions of colour siinikr to those that liave Wen 
observed in S. peregrirui in Alyoria. 

In Britain weare now exempt from theravajjjes of locusts, thou j^h 
swarms are said to liave visited England in 1(593 and 1748. 
Individuals of the iiiigratoiy si)ecies are, how- 
ever, still occasionally met with in Kngbiml 
and the south of Scotland. 1\ cimraBcrns has 
Wen recorded from Kerry in Ireland, but 
erroneously, the Insect found Wing J/rroiJ- 
tethus ffrossus (I'ig. 173)- According to ]VIiss 
Ormerod,^ large locusts are imtx)rted to this 
country in fodder in considerable numbei*s, 
but are usually dead ; living individuals are, 
however, sometimes found among the others. 

In 1869 living specimens of Schifttornrtt 
peref/rina were found in various parts of the 
country, having, in all prol)ability, arrived 
here by crossing the (lerman Ocean. Pachy- 
tyhs cinerascens lias also, it is l)elievt?d, 
occurred here, the specimens that have l)een 
recorded at different times under the name of 
1\ miyratorius being more probably the former 
species. 

Although the majority of the very large 
number of species included in Acridiidae are 
recognised with ease from their family like- 
ness as lielfinging to the group, yet there are. 
others that present an unusual asiK‘ct. This 
is specially the case with the members of th(; 
small tribes Tettigides, Proscopides, and 
l*neumorides, and with some of the apterous 
forms of the Oedipodides. The tribe Pros- 
copides (Fig. 178, Cephalocoema lineafn, 
female) includes some of the most curious of 
the Acridiidae. Breiteid>ach gives * a brief p„, „^Zc^haioco^n 
account of the habits of certain siiecies which Hneaia, female, x i 
he met, with near I’orto Alegre in South BViinlirnr*^ 
America. On a stony hill there was some 
grass which, by several mouths’ exposure to the sun’s rays, bad 
^ JUtp. injurioui Inseda, xvii. 1893, p. 47. * Knt. Narhricht, viil 1882, p. 160. 
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Ijecoine witliered and brown. Apparently no live thing was to 
seen on this hillock except tlie ubiquitous ants, but after a while 
he noti(3e*l some “ lightning-like ” movements, which he found were 
due to specimens of Proscopia. The Insects exactly resemble the 
withered vegetation amongst which they sit, and when alarmed 
seek safety with a lengthy and most rai)i<i leap. When attention 
was thus directed to tliem lie found the Insects were really 
iibundant, and was often able to secure fifty specimens on a single 
afternoon. These Insects Ijear a great general resemblance to tlie 
Phasmides, but there is no evidence at ])resent to show that the 
two kinds of Insects live in company, as is the case with so many 
t)f the Insects lliat resemble one another in appearance. Although 
the linear form and the elongation of the body are common to the 
stick-insects and the Proscopides, yet this structure is due to the 
growth of different pai'ts in the two families. In tlie Phasmidae 
the jirotliorax is small, the mesothorax elongate, wliile in tlie 
Proscopidi^s the reverse is the case. The elongation of the head 
is very curious in these Insects; the month is not thus brought 
any nearer to the front, hut is jilaced nu the under side of the 
head, quite close to the thorax. The tribe Tryxalides contains 
his(»cts (.Fig.' I Go) that apprc«ich the Proscopides in the form of 
the head and other characters. In most cases the sexes of the 


Proscupi<les differ from one another so strongly that it is difficult 
to recognise them as lieing of the same sjiecies. Usually both 
sexes are entirely ajiterous, hut the Chilian genus Astroma 
exhibits a remarkable exception and an almost unique condition 
of the alar organs, tlui mesonotum being in each sex entirely 
ilestitute of such aiqieiidages, while the female has on the ineta- 
Jiotum rudiments of wings which are absent in the male. 

The tribe Tettigides is a very extensive group of small 

Acridiidae, in which tlie 
])ronotum extends back- 
wards as a hood and 
covers the body, the 
tegmina and wings 



Fig. 179. — Tdtix bipunctatus. Britain. A, The Insect lieillg more 01’ lesS UKhU- 
magnined ; B. part of the middle of the hotly ; «, ^ i t Ttrifisli 

prolongation of pronotum ; tegnien ; r, wing. iiritlSli 

sjiecies (Fig. 179) this 
condition does not greatly nuxlify the a]q)earance of the Insect, 
but in many exotic siiecies (Fig. 180) the hood assumes remark- 
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able developments, so that the lusiH'ts have no lou»'vv the api>eMr- 
aiice of Orthoptera. It would Ik? impossible, without tlie aid of 
many figures, to give an idea of the 
variety of forms assumed by this 
prothoracic expansion. It is a re}>e- 
titioii of what occurs in tlie Order 
Hemiptera, where the prothoracic 
hoods of the Meiiibracides exhibit a 
similar, though even more extra- 
ordinary, series of monstrous forms. 

So great is the general similarity 


of the two groups that when tlu*. ^ Ijj ^ 

genus XerojihyUum (Fig. 180, A) f 

was for the first time descril»ed, it 



: A, Xtunphiilluvi 
uv/z/nVc Fatrii). ; i'itutimotus JntiH- 
fjcrt ianus. ( A ftcr n< >l i var. ) 


w^is treated by tlu‘. descril»er as 
l>eing a bug instead of a grass- 
hopper, This genus includes several i.^o. 
si)ecies from Africa. The curious 
Cladomius (Fig. 1 80, H) is a native 
of Ceylon, w'liere it is siii<l to live in samiy meadows, after t he 
fasliion of our indigenous species of Teftin (Fig. 170). Very 
little is known as to tlu? haluts of these enrions Tettigides, hut 
it has been ascertained that some of tin? genus are 

ampliibious, and do not hesitate to enter tlie water anti swim 
aliont there; indeed it is saitl that th(»y prefer ])knts growing 

under wattM* as food. 
This hahit has ))ceii 
ob.servt'tl both in (N^yhni 
and the. Himalayas. Tht* 
species are said to havi^ 
the hind legs ])ro\ itled 
with dilatetl foliaeeons 
apjiendages Useful ft»r 
swimming. 

The trihe Mastacidt's 
includes thirty or forty 

Fig. Mastax (Eriimihm) guttahia, iimle. Species ot Acridiidae 

Sumatra. (After Westwood.) B, profile ; C, front with short antennae 

and vertical head (Fig. 
181, 3Iastajt! gnttatns) \ they are apparently all rare and little 




302 


ORTHOPTERA 


CHAP. 


known, but are widely distributed in the tropics of the Old and 
New Worlds. Nothing wliatever seems to be known of their 
habits or of their development. 

The tribe rneumorides includes a still smaller number of species 
of very aberrant and remarkable grasshoppers, of large size, with 
short antennae, and witli the pronotum prolonged and hood-like ; 

Although amongst the most 
remarkable of Insects, we are 
not able to give any infor- 
mation as to their habits. 
It would appear from the form 
of their legs that they have 
but little power of hopping. 
The species of which we figure 
the female (Fig. 182) is very 
remarkable from the difference 
in colour of the sexes. Tlie 
female is so extravagantly col- 
oured that she has been said 
to look as if “ got up ” for a 
fancy-dress ball. She is of a 
gay green, with ].)early white 
marks, each of which is sur- 
rounded by an edging of ]na- 
genta; the white marks are 
very numerous, especially on 
the parts of the body not 
shown in our figure ; tlie face 
has magenta patches and a 
large number of tiny pearly- 
white tubercles, each of which, when placed on a green part, is 
surrounded by a little ring of mauve colour. Though the female 
is certainly one of the most remarkably coloured of Insects, her 
consort is of a modest, almost unadorneil green colour, and is con- 
siderably different in form. He is, however, provided with a 
musical apparatus, which it is possible may lx* a means of pleas-^ 
ing his gorgeous but dumb spouse. It consists of a series of 
riilges placed on each side of the inflated abdomen, which, as we 
have previously (p. 200) remarked, has every appearance of Ixjing 
inflated with the result of improving its resonance. 


they are peculiar to South Africa. 



Flo. lS*i , — Pneumora sculclhins, female. 
South Africa. 
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The Pyrgoiuorphiiles ' is a siunll trilx' of al>out 120 tlescTiUHi 
species, two of wliieh .are found iu the south of Kuvoih* (Fig. 182, 
Pyrgomorplia grylloidca). The trilie 
includes a iuiinl>er of large and curious 
Insects, among them the sjiecnes of 
Phyniatcm and Petasia, with peculiar 
excrescences on tlie pronotum and 
vivid Cidours on some parts of the 
body or its appendages, whicli are 
apparently common Insects in South 
Africa. 

The tribe Tryxalides includes a 
great many .s})ecies of grasshopiH?rs. 

Ill them the front of the head joins som,, Kuroj*. (Alter n«i.er.) 
the up])er part at an acute angle 

(Figs. I 60 and 172). Tins tribe and the Acritliides are the 
most numerous in s])ecies of the family. To the latter l)elong 
most of the migratory locusts of the New World (Fig. 17^, 
Caloptcnns spretus). A Spanish s|MX*ies of this tribe, 
poeiiemis plomna, though jnovided with well-developeil wings, 
possesses the remarkable haldt of seeking shelter by jumping 
into the water and attaching itself below the surface to the 
stems of ])lants. 

The tribe ramphagides“ includes some 200 s])ecies, found 
chietly iu Africa and the arid regions near the Me<literr.anean 
»Sea. They are mostly apterous forms, and this circnmstance has, 



Fig. 184 . — Xqihoccm {Hoplolopha) asina, S. Afrka. (After de Saussure.) 


according to do Saussnre, exercised a marked influence on tlic 
geographical distribution of the sjiecies. Although the trilie 
consists chiefly of apterous foniis, several sitecies ^lossess well- 

* Monograph liy Bolivar, Ann. Sec. E»p. xiii. 1884, p. 1, etc. 
Monograph, de Sausaore, Spidltgia enUmologica Oemvemia, pt. 2, Geneva, 1887. 
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developed wings; sometimes this is the case of the male but 
not of the female. Some of the species are highly modified for 
a desert life, and exhibit a great variation in the colour of the 
individuals in conformity with the tint of the soil they inhabit. 
Xiphocera asinn (Fig. 184) is thought by Peringuey to be the 
prey of the extraordinary South African tiger -beetles of the 
genus Manticora. 

We have already mentioned the tribe Oedipodides ^ as including 
most of the species of migratory locusts of the Old World. Some 
striking cases of variation in colour occur amongst the winged 
Oedipodides. In certain species the liind wings may be either 
blue or rosaceous in colour ; it is thought that the latter is tlie 
tint natural in tlie species, and that it is due to the mixture of 
a red pigment with the pale bliie colour of the wing ; hence the 
blue-coloureil wings are analogous to cases of albinism. But the 
most remarkalile fact is that this colour difterence is correlative 
witli locality. Brunner von Wattenwyl says^ that the blue 
variety of Oe, variahilis occurs only in a few localities in Europe — 
he mentions Vienna and Sarepta , — md that where it occurs not 
a single red exain])le can Ixi met with. Similar phenomena occur 
in other species in both lOurope and North Ameriwi, and L. Bruner 
has suggested^ tliat the plKuioiueiia in the latter country are 
correlative with climatic conditions. 

The group Ereinol)iens, a subdivision of Oedipodides, includes 
some of the most interesting fonns of Acridiidae. Its members 
have several modes . of stridulation. Cucidliyera fleoiuosa and 
otlier of the winged forms, according to l\antel,* produce sounds 
l)y the friction of the middle tibia against the wing, both of these 
parts being specially modified for tlie purjiose in the male sex. 
The most peculiar memljers of the Eremobiens are some very 
large Insects, modified to an extraordinary extent for a sedentary 
life in deserts and arid places. Trimen says^ that a Soiitli 
African species, Trathypeira Info, which lives amongst stones, is 
so coloured that he had much difficulty in detecting it, and that 
he noticed in certain spots, often only a few square yards in 
extent, where the stones lying on the ground were darker, lighter. 


^ Monograph, de Saussuro, Mem. Soc. Phys. GaUve, xxviii. 1884, No. 9 ; and 
XXX. 1888, No. 1. 

*-* Prod. Eur. Orthopi, 1882, p. 160. * Scieivce^ xxi. p. 183. 

* An. Soc. Espan. xv. 1886, p. 273. " Nature^ iv. 1871, p. 333. 
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or more mottled than usual, that the individuals of the grass- 
liopper were of a similar colour to the stones. The Insect 
referred to by Trimen is, we believe, the Batrachotcttix whiti of de 
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Fig. 185 . — Methone andergsom, female. S. Africa, ft, Front of head ; 6, jiosterior leg ; 
c, d, front and bind feet, (c and d magnified, the others natural size.) 

Saussure. Jn this species the alar organs are (3ompIetely absent, 
and the pronotiim forms a sort of liood that protects the base of 
the hind body. Some of the desert Eremobiens vary so much 
that the didercuces found among individuals of the same species 
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are said by Brunner and de Saussure to be so great as to affect 
even the generic characters, and give rise to the idea of an 
" uncompleted species-formation/' 

Methone amdermni, fin inhabitant of the Karoo Desert of South 
Africa, is one of the largest of the Acridiidae. A female of this 
species is represented of the natural size in Fig. 185. This 
Insect is remarkable on account of the complex organs for pro- 
ducing sound, and for tlie great modificfition of the posterior legs 
(Fig. 185, 6), which do not possess locomotive functions, but servis 

as a portion of the sound- 
/ 1 ^ producing apparatus, and tis 

/r\ /» H I organs for protecting the sides 

/ k / 1 of the body. This Insect is 

\ t?ftlcient in 

\ n making a noise. The sexes 

OKP' differ considerably in their 
A_ ^ ' i ^ sound - ])roducing organs, a 

■U 7w w / / portion of which are present 

in tlie female as well as in 
M / (Fig. 18 G). Con- 

L nected with the first abdominal 

segment, but extending back- 
^*6 e wards on the second, there is 

Fio. 186.— Portions of iiiuiaie of the a ])e(juliar swelling l)earing 

hind leg ol J/p//*«wcanaemo7?i (J: a, femur; ^ ® ^ 

6, mi inferior fold; c, rattling -plate; rf, two or three • strongly raised 
striated surface the adjoining sculpture ; folds TFi^r 18(1 r') 

/, grooved portion of teginen. The part ^ > 

is really, like ri, u portion of the second When the leg is rotated these 

abdoiuinal segment, dot of the third, as p , i cfviipl- l,v qiuhp 

might he supposed from the figure. lOKiS cirt StrUCK 0} Some peg- 

like ju’ojectioiis situate on the 
inner face of tlie liase of the femur, and a considerable noise is 
thus produced. The pegs cannot lie seen in our figure. This 
apparatus is equally well developed in female and male. On the 
second abdominal segment, immediately liehind the creaking folds 
we have described, there is a prominent area, densely and finely 
striated (Fig. 186, d): this is rubbed by some line asperities on 
the inner part of the femur near its base. Sound is produced by 
this friction on the striated surface, the sculpture of which is 
abruptly contrasted with that of the contiguous parts : these struc- 
tures seem to be somewhat l)etter tleveloped in the male than they 
are in the female, and to be phonetic, at any rate in the former sex. 
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The male has the nuUmentary tegmina (Fig. 186,/) much longer 
than tliey are in the female (Fig. 185), and their prolonged part 
is deeply grooved, so as to give rise to strong ridges, over which 
plays the edge of the denticulate and serrate femur. There is 
nothing to correspond to this in tlie female, and friction over tlie 
surface of this part of the male produces a different and louder 
sound. There cfiii be little doubt that this is a plionetic structure 
peculiar to the male. It approximates in situation to the sound- 
producing apparatus of the males of tlie Steiiol)othri ami other 
Acridiidae. Methane anderHsani has largti tymiianal organs: the 
small tegmina cover them up completely. In the female the ti]»s 
of the tegmina seem to lie adapted for forming covering -Haps 
for the tympana. In both sexes there is a sac. (Kig. 186, />) 
adjoining the structures we have mentioned, l)ut which is not 
dirc‘etly phonetic, though it may lie an adjunct of tlu^ apparatus. 

Tliere is no otlier Ortliopteron in which the plionetic oi-gans 
are so complex as they are in the male of Methane nvilermyni, 
and it w’ould ap])ear ]irolMible that tliis Insect possesses tlie 
power of producing two, if not more, distinct sounds, mie. in 
common witli the ftanaJe, and peculiar to this and one or two 
other spi'cies; the otlier somewhat similar to that of other Acri- 
diids, and more sjiecially developed in the male, if not absolutely 
confined to it. 

This Insect is of a very sedentary <lisposition, and when 
disturbed apjiareiitly seeks safety rather by the noise it can make 
than by flight. Its powers of l(K*oniotion indecid are very feeblt*. 
'J1ie alar organs are ejuite rudimentary, and of no assistance what- 
ever for nioveiiieiit. The hind legs seem to be almost eipially 
useless for this purposii ; tliey are liroailer than they an*, in othm* 
Acridiidae, and have different functions. When Methane moves 
it does so by means of the anterior four legs, on which it walks 
propped up as if on stilts. When at rest the hind legs are pressed 
close to the body, and the tibiae are iiiHexed aiul imt seen, the 
creature in this position greatly resembling a clod of earth. We 
know nothing of the life history of this Insect, except tliat the. 
young resemble the adult in appearance, and are provided with 
the sound-producing aiijiaratua, or some portion thereof. 

The geographical distribution of the Ereniobiens corresponds 
with that of the Fampliagides, with two important differences, 
viz. that in the Old World the former group (X'cupies a somewhat 
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more restricted area, and that it is rejn’esented in the New World 
by two jHiculiar North Americiin genera, Ilaldmanella and Brachy- 
stola, B, mayna is an Insi»et nearly equal in size to Meilione 
nnilerssoni Its peculiar form and movements have pnxiured for it 
in Texas and Colorado the popular names of ** buffalo hopper ' 
and ** lubber grasshopper.” This Insect has not — like Methonr- - 
the colours of tlie desert sands ; it is of a green tint, with com- 
paratively smootli body, and during the day rests concealed 
under tufts of grass. It has apparently no sound organs, though 
de Sau.ssure tliinks there are structures present that are vestiges 
or rudiments thereof. 

The family Acridiidae includes a large part of the species that 
make up our meagre list of British ()rthoi)tera. Indeed, tlie 
only native Orthoptera at tlie present time suiliciently common 
to attract gmieral attention Jire, in addition to the earwig, tlie 
species of the genera StenohothruH and Gomphoceru,% whose 
musical instruments we have descril)ed previously. We have 
eight s])(H*i(*s of tliese Jnsi^cts. They are the little grasshoppers, 
HO common in our fields and gardens, the hunting of which is 
a source of much {imusement to childnm. The Insect goes off 
with a sudden and long hop just as it is going to l>e seized, and 
this is appreciated by the child as very clever. The hunt, as a 
rule, does not result in much damage to the grassli()i)pers, the 
ingenious escai)e being the greater part of the pleasure. Thesis 
Sfenahti flirt are remarkable for their variation in colour, and it 
is thought by soine that they frequent spots where they finil 
themselves a match with their surroundings. There is, how- 
ever, little or no information of importance on this point extant. 
MecoddhnH yrtmiis (Kig. 173), though larger, is very like the 
common field grasshoppers, but appears to have bi^come rare 
since the fens were drained. The two curious little grasshoppers 
of the genus Teftix (Fig. 179) are not uncommon. In addition 
to these Acridiidae, three species of migratory locusts are occa- 
sionally met with in Britain, viz. Bachytylus cinemacens (Fig. 

1\ miyrntorius^ &1ddiwcmi 84); this 

latter we have already alluded to as 1)eing probably the hnnist 
mentioned in the book of Exodus. 

Acridiidae have never been found in aml)er, owing possibly to 
their large size and strength. There are but few fossil forms known, 
and these do not extend farther back in time than the Mesozoic 
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epoch. Several forms, iueliulinjr three ix^iuliar genera, have 
l)eeii found in the Tertiary strata at Florissant. Tlie rianains 
from the Mesozoic layers are appireiitly very fragmentary and 
obscure. 

Brongniart has instituted a family of Insects under the name 
Palaeacrididae ^ for some fossil Insects from the Carboniferous 
strata at Oommentry. He considers that these Insects were 
abundant in the epoch of the Carboniferous strata. 

Tlie very large number of genera and species of Acridiidae 
have been recently arranged in nine tribes by Brunner von 
Wattenwyl : — 

1. Feet without a daw-pad.- [Proiiotum coveriii}' all tlje body.] "IVgiiiiiia 
lobc-like. Tribe 1. Tkttioides. (Figs. 179, 160, TeitL\ Xerophylluin-^ 
Clafhmotuit.) 

C. Feet with a daw’-pad. 

52. Antennae shorter than the anterior femora. 

a. IfiNid short, as if compressed from in front. 

4, llody bladder-like, inhaled.* ** [Ih'onolnm covering half Ihe 
nlnlonniii.] South African species. Tribe 22 . Pnkumokides. 
(Pig. 182, Pneimmt saitfillt/ns,) 

4'. Body ordinary. Tribe 3. Mastacidek. (Fig. 181, Madar. 
(fuitatas.) 

3'. Head very elongate. [Body a])terous or snb-apterons.] Tribe 
4. Proscoi'UDES. (F’ig. 178, ('rphalocornia linmta,) 

2'. Antennae longer than the anterior femora. 

3. Proslernuiu nnarnied. 

4. The plane of the vertex of the head meeting the ]dane of 
the front of the heiid as an angle. The former produced fir 
dedivous. The face looking do^vn. Tribe 5. Tkyxalidks. 
(Fig. 165, Tnjxnlis naguta ; Fig, 173, Mccostethm ynmas.) 

4'. Planes of the vertex and front of the head connectiHl in 
a rounded manner. Face looking for>vards. Tribe 6. 
Oedipodides. (Fig. 177, Pachytylm; Fig. 185, Mdhone.) 

3'. Prosternuni with an elevated lamina in front, either irregularly 
swolltui or mucronate. 

4. Foveoles of the vertex superior, contiguous, forming the 
apex of the vertex. Face looking much ilownwards. 
Tribe 7. Pyiigomokphides. (Fig. 183, Pyryomoi'pha 
•gryllouks.) 

4'. Foveoles of the vertex, either supenor (but not forming tlnj 
apex of the vertex), or lateral, or inferior, or rpiite obsoletf?. 


* Pull, Soc, lloucn, 1885, and lnsccte»/ossilcs, etc. 1894, p. 439. 

- A few species of Pro.scopiides and Oedijiodides, though placed in the next 
division, are destitute of any claw-pad. 

This applies specially to the males. — D. S. 
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5. Eoveoles superior, open behind. Prostemum irregularly 
swollen, rarely mucronate. Tribe 8. Pamphagides. 
(Fig. 184, Xiphocera aaina.) 

6'. Foveoles lateral or inferior, closed behind or (usually) 
entirely obsolete. Prostemum distinctly mucronate or 
tuberculate. Tribe 9. Acridiidkb. (Fig. 84, Acridium 
peregrinmi; Fig. 176, Caloptenus spretua,) 



CHAPTER XIII 


ORTHOPTERA COXTTXUEJ) LOCUSTIDAK, GREEN 

GRASSHOPPERS, KATYDIDS 

Fam. VIL Locustidae — Green Grasshoppers. 

(h'thoptcra, with very long delicate antennae composed of many more 
than thirty joints ; hind legs longer than the others^ thicker 
at the base. Tarsi with four joints. Front tibiae usually 
provided with tympanal orgamp^laced below the knee; strida- 
luting apparatus of males, when present, situate on the basal 
part of the tegmina. Females usually with an elongate ex- 
serted ovipositor, formed by the apjwsition of six pieces. 
Wingless forms numerous. 



Fic. 187. — Cyriophyllus crepitans, male. West Indies. 


An uutortiuiate confusion hjis long existed as to the tenn 
Locustidae, and has residtwl in the ai)plication of the name to a 
group of Insects that contains none of the locusts of ordinary 
language.;, Some entomologists therefore use the term Phasgonu- 
ridea for this family, but the gi’eat majority prefer the term 
Ix)custidae. 

The I.ocnstidae are, as a rule, more fragile Insects than the 
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Acridiidse, from which they can be readily distinguished by the 
characters we have mentioned in our definition. According to 
Dufour, there are no air vesicles connected with the tracheal 
system in this family ; possibly to this it may be due that none 
of the family midertake the long flights and migratory wanderings 
that have made some of the Acridiidae so notorious. Very little 
is known as to the life histories of the members of this extensive 
family of Orthoptera. ^ Graber, however, has given some particulars 
as to the development of Flodydeu grisea^ and of one or two other 



Fia. 188 . — Development of wings in Platycleis grUea: A, B, C, D, E, consecutive 
stages ; prothorax ; fa, iiiesothorax ; ?/</, inutathorax ; legmen ; ir, wing ; 
ah\ position of first abdominal segment. In C, D, and E, m points to the part by 
which tlie //^ shown in A and B, is concealed ; in D and E only the positions of mt 
are indicated. (After Graljer.) 

species. He recognises five instars, but his first is probaldy 
really the second, as he did not observe the Insect in its youngest 
condition. Although his figures are very poor, we reproduce 
them, as they give some idea of the mode of growth of the wings, 
and of the correlative changes in the thoracic segments. It 
will be seen that in tlie first three of these instars the alar organs 
appear merely as prolongations of the sides of the posterior two 
thoracic rings, and that in 13 a great change has occurred in the 
piisition of these segments, so that the alar organs are free 
processes, the two posterior thoracic rings being insignificant in 
size in comparison with the now greatly developed prothorax. 
In E the tegmen is shown fully developed, the positions of some 
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of the rings covered by it lieing indicated by the letters m, mt, 
ab\ These changes are very similar to those we have described 
in Acridiidae, the chief difference being the greater development 
of the dependent wing-pads pi’evious to the fourth instar. 

The ocelli in Locustidae are mucli moi*e inii^erfect tlmn tliey 
are in Acridiidae, and are frequently rudimentary or nearly totally 
absent, or there may be but one in- 
stead of three. They are, however, 
present in a fairly well-developed state 
in some species, and tliis is the ease 
with the one whose ftice we portray 
in Fig. 189, where the anterior of the 
three ocelli is (piite conspicuous, the 
other two being placed one on each 
side of the cuiious frontal cone near 
its kise. The peculiar liead ornament 
j’.hown in this figure exists in both 
sexes, and something similar occurs in 
a large numljer of CoricK'cqihalitles. We 
have not the slightest idea of its im- 
port. Individuals of one or more 
species of this curious South American 
genus are (Xjcasionally met with alive 
in gardens near Loudon. They are, no 
d(jubt, imported as eggs, for they are 
sometimes met with in the juvenile 
state, but in what way they are intro- 
duced is not known. 

The ovipositor frequently attains a 
great length in these Insects, so us to exceed that of the liody. It is 
used in different, ways, some of the family depositing tlieir eggs in 
the earth, jHirhaps in vegetable matter under the surface ; luit other 
species place the ova in twigs or stems of plants, arranging them 
in a very neat and compact manner in two series, as <lepicted 1)y 
Riley ^ in the case of Microcentrum retincrve (Fig. 190). These 
eggs are laid in the autumn, and in the following spring liecome 
more swcjlen before hatching. The Insect undergoes a moult 
during the process of emerging from the egg. Ry the time the 
emergence is completed the Microcentrum has expanded so much 
^ Ann, Rep, Insects Missouri^ vi. 1874, p. 155. 



Fio. 189. — Front ol‘ liml of 
Copiophora mni female. 
Deiiicrarn. 
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in size that it is a matter of astonishment how it can ever have 
been packed in the egg; the young commence jumping and' 
eating leaves in a few- minutes. Including 
the ecdysis made on leaving the egg, they 
cast their skins five times. The post-embryonic 
development occupies a period of about ten 
weeks. The larvae eat their cast skins. When 
the final moult occurs the tegmina and wings 
arc at first quite soft and colourless, but 
within an hour they assume their green colour. 
These Insects, as remarked by Kiley, make in- 
teresting pets. The people of the Amazon valley 
are in the habit of keeping a species in cages, 
and our British Loevsta viridissima does very 
well in confinement. One of the most curious 
habits of these Locustidae is a constant lick- 
ing of the front paws. Riley says that M. 
retinerve bestows as much attention on its 
long graceful antennte as many a maiden does 
upon her abundant tresses, the antennse being 
katydid^A^nxjwi- drawn between the jaws and smoothed by the 
inm ndnurre) : A, palpi. This American naturalist also tells ns 
deposition ; B, side that lie reared three successive broods in con- 

seriM {After RUey*) that the Insects gradually 

deteriorated, so that the eggs of the third 
generation failed to hatch. 

The ovipositor, which is one of the most characteristic features 
of the I>ocustidao, is not present in the newly-hatched Locustid 
(Fig. 191, A), the organ being then represented only by two 
papillae placed on the penultimate segment. The structuie and 
ilevelopment of the ovipositor in Loctida viridissima have lieen 
described by Dewitz.* Fig. 191, A, shows the young Insect taken 
from the egg just as it is about to emerge. The abdomen consists 
of ten segments, the terminal one bearing at its extremity two 
processes, the cerci, a’. These persist throughout the life of the 
Insect, and take no i>art in the formation of the ovipositor. The 
tenth segment subsequently divides into two (a, a", Fig. 191, C), 
giving rise to the appearance of eleven abdominal segments, 
and of the ovipositor springing from the antepenultimate. Near 
' ZtUtekr. wit*. Zoct. xzv. 1875, pp. 174.200, pi. xii. 
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to one another, on the middle of the ventral iispect of the trne 


ninth abdominal segment, are 
Been the two papillae (b'), which 
at first are the only visible indi- 
cations of the futiure ovipositor. 
If, however, the integument be 
taken off aiid carefully examined, 
it will 1)0 foimd that there exist 
on the eighth abdominal plate 
two spots, where there is a slight 
thickening and prominence of 
the integument (Fig. 191, B, e). 
Froii these two spots the two 
lower rods of the ovipositor are 
])roduced ; these two, together 
witli the two growths from the 
nintli segment, form the four ex- 
ternal rods of the ovipositor. 



Fio. 191. — Development of ovipositor of 
Locitata virUiiasima : a, teriniunl seg- 
ment ; a\ cerci ; a'\ secondary division 
of terminal segment ; h, penultimate 
(ninth) segment ; 6', primary ]mpillav 
of this segment ; secondary divi- 
sions thereof ; r, eighth scginont ; c\ 
its papillae. (After Dewitz.) A, 
embryo ready for emergence ; B, 
portion of integument of the ventral 
plates of eighth and ninth segments ; 
C| the appendages in a condition 
somewhat more advanced than they 
are in A. 


Inside tliese there exist in tlie 


completed strueture two other rods (Fig. 192, B, These are 
produced a growth from, the inner parts of the two papillae 


of the ninth segment. The relations of the six rods in tlieir 
early condition are shown in Fig. 191, C, where the two primary 
papillae // of tlie ninth segment are seen with their secondary 




Fm. 192. — Structure of 
ovipositor of Loevsta 
riridusivia : A, ar- 
rangement of parts at 
base, being separated 
and tunied outwards ; 
B, transverse section. 
Tlie parts of the ap- 
pciitlage bear the same 
ietteriiig os in Fig. 191. 
(After Dewitz. ) 


offshoots c' being the i)apillae of the eighth segment. The 
subsequent relations of the pieces are shown in Fig. 192; A 
exhibiting the base of the organ with .the lower rods turned 
on one side to show the others, the shaded parts indicating 
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muscular attachments ; B is a transverse section of the organ. In 
tliese figures the different parts of the appendages bear the same 
lettering as they do in Fig. 191. It will be seen that in the com- 
pleted structures the parts have become very intimately con- 
nected with the parts &' and 6", which belong to another segment. 

The Ix)cu8tidae resemble the Acridiidae in the possession of 
specialised ears and sound-producing organs ; neither of these is, 
however, situate in the same part of the body as in Acridiidae. 

The ears of Locustidae are 
placed on the front legs, l)elow 
the knee; a tympanum (Fig. 
^ ^ crack giving en- 

trance to a cavity in which the 
tympanum is placed (Fig, 193, 
B), l)eing seen on each side of 
(Micdi of the anterior ])air of 
I'l limbs. In this family, as in 

rJ Acridiidae, tliree kinds of 

t'l f ear are recognised according to 

^ the condition of the tympanum, 

^ ® wliich is eitlicr exposed (Fig. 

Fro. 193. — Ears of Locustidae : A, portion an i i i 

of front leg of Odontura mrictiudat 1*'»S A) 01’ closed OV ail OVer- 

iwUilt ; p, prominenee of Integument ; r, growth of the integument (Fm. 
rim of ear; 7, tympanum thickened tin • va.- \ 

.area tliereof ; Fu^ remain.s of groove in 111 3, .1>;, or III H ComlltlOll tO a 

which the litTOctare wne dweioped. B, ygrtain extent different from 

poition of front leg of Thamvotnzon . 

apterns ; inner margin ; tf, slit - like Cither of tllCSe. 1 llO CXlsteilCC of 

external nperture of ear; rfi, overlapping „ pj j „„ ^he Ws is H CUvi- 
cover of the ear. (Alter Graber.) ^ ^ 

OU8 fact, hut it is beyond doulit 

in the Ijocustidae, and there is good retuson for believing that analo- 
gous organs exist in this situation in otlier Insects that have special 
means of sound-production, such tis the ants and the Termites. 

The structure of these organs in the I^ustidae has been 
investigated by Graber,^ and their acoustic functions placed 
lieyond doubt, though to wliat special kind of sounds tliey may 
be sensitive is ndt ascertained, this point being surrounded by 
even gre^iter difficulties than those we have discussed in the case 
of the Acridiidae. In the Locustidae there is a special structure 
of a remarkable nature in connexion with the ears. In Acridiidae 

1 Arck, /. mikr, Anat, xx. 1882, and xxi. See also von Adelung, Zeitnehr, wiss, 
Zool. liv. 1892, p. 316. 
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a stigma is placed close to the ear, and auj)plies the internal 
structures of the organ with air. There are no stigmata on the. 
legs of Insects, consequently admission of air to the iieoustic 
apparatus in Locustidae is effected by ineans of a gaping oritiee 
at the Iwck of the prothorax, just over tlie base of tlie front leg 
(Fig. 101); this communicates with its fi^ow of the other side, 
and from them there extend processes along the femora into the 
tibiae, wdiere they undergo dilatation, so as to form vesicular 
cavities, one of which is in proximity to each drum of the ear. 
These leg -tracheae are not con- 
nected with the ordinary tracheal 
system ; tlie prothoracic stigma 
exists in close proximity to the 
acoustic orifice \ve liave described, 
l)ut is niiicli smaller than it. It 
is not yet clefir why tlie acoustic 
ajiparatus should require a supply 
of air apart trom that which could 
lie affordtMl by the ordinary tracheal 
system. This special arrangement 
— to whmh tliere is hardly a 
paralhd in Insect anatomy — has 
still to l»e accounted for; we do 
not know whether the necessity 
l(»r it may be connected with the 



A 
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Fig. 194.- Diagram of arrangniDt'iilnf part>i 
of the ear as seen in transverse section of 


respiratory system or the acoustic 
organ. 

The chief features of the acous- 
tic apparatus of the legs of Locus- 
tidae will be gathered from the 
accompanying diagrammatic trans- 
verse section through the tibia, lii 
this figure the deep black parts 
indicate the outer wall of the 
tibia and its prolongations, the 
white spaces indicate the parts 
filled wit^ air, while the dotted 


tlie tibiaofaLocustid. A, J, V, H, ontpr, 
inner, anterior, posterior aspects of leg ; 

thin partof integument fontiiiigan- 
terior tympanum ; A, r, thicker portion 
of same ; /, #/, posterior tyiii])aniim ; 
(if fy ami dy A, //, thick portions of 
integument ; /, A*, internal protiiher' 
ances of same ; /, m, ?i, o, walls of the 
anterior trac’.heal vesicle, / jTV/ /i, y, r, 
walls of the jxisterior trnchcul vesicle, 
h Tfy o”y projection of tynipnnal r)riflce 
of protliorax ; /r-w, traclienl nerve- 
end organ, crUia acnaticM ; sty rotl ; 
dty curtain -nicnihraiie ; hUy fy supra- 
tympanal, nerve-end organ ; Iniy gang- 
lion cells ; at\ rods ; r, point of in- 
teguinental fixation of nerve endings. 
(After Graber.) 


portions are occupied by blood or some of the body organs ; ^ the 


' Tlie small space above bn, left free from dots is, we presume, due to an omission on the 
fiart of Oraber's artist, but we liave not thought it right to interfere with lus diagram. 
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circular space 0 " is not part of the actual structure, but repre- 
sents the area of the external acoustic orifice of the prothorax ; 
it is not, however, so large as it should be. • 

Although the tibial ears of Locustidae are very perfect organs, 
there is great difficulty in deciding on the exact nature of their 
functions. They would appear to be admirably adapted to 
determine the precise locality from which a sound proceeds, 
especially in those cases — ^and they are the highest forms — in 
which the tympanum is pl^ed in a ciivity the external orifice 
of which is a slit (Fig. 193, B); for the legs can l>e moved in 
the freest manner in every direction, so as to bring the drum 
into the most direct line of the viljrations. But as to what 
kinds of vil)rations may be perceived, and the manner in wdiieh 
they may he transmitted to the nerves, there is but little 
evidence. On reference to the diagram it will be noticed that 
the tympanum, the tympanal vesicles, and the nervous apparatus 
are not in close connexion, so that even the mode by which the 
impulses are transmitted is obscure. 

The musical organs of the Locustidae are different from those 
of the Acridiidae, and are invariably situate on the basal part of 
the tegmina. They are finind, in the great majority of cases, only 
in the male ; in the tril)es Ephippigerides and Callimenides they 
exist in each sex. One of the wings bears a file on its inner sur- 
face, while the other — on the right side of the body — is i)rovided 
with a sharp eilge placed on a prominent part of its inner margin. 
By slightly tilting the tegmina and vibrating them rapidly, the edge 
passes under the file, and a musical sound is produced. Tliese 
structures are limited to the small anal area of the wing, and when 
the tegmina are very greatly reduced in size, it is this ])art that 
still remains. There is much variety in the details of the structure. 
The nervures of tliis part of the tegmina are different in the 
male from what they are in the female, and, moreover, the tw(j 
wing-covers of the male differ from one another. It is apparently 
the vibrations of the right tegmen that produce the sound, and 
this part usually bears a space of a glassy nature, which probably 
improves the character of the sound produced. Our chief Britisli 
songster of this group, Locusta viridissima, is only provided with 
phonetic organs (Fig. 195) of a somewhat imperfect character, 
but in the genus Mecojyoda there is great perfection of the 
structures. The anal areas of the two tegmina are in this case 
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very different ; that of the left one, which teirs tlie file, lieing 
similar in texture to the rest of the wing-cover, while the corre- 
sponding part of the other tegmen is 
rigid and transimrent, and greatly 
distorted, so as to create a cavity 
which, no doubt, improves the souml ; 
the scraper too is very perfectly 
formed. The difference between this 
form of musical organ and that of 
X. viridissima is curious, inasmucli 
as in the better instrument the im- 
portant modifications are confined to 
one tegmen, while in the other form 
both tegmiiia are largely changed. 

The difierence ajii^ears to lie that in 
Lucusta the left tegmen, as well as 
the right one, acts as a sounding- 
l)oard, while in Meropoda it does not 
do so, but wlieii the wings are closed 
<iuite covers and conceals tlie musical 
instrunien]?. 

Tlie Locustidae, not wi thstanding 
the fact that their alar organs are 
generally more ample than those of tlie 
Acridiidae, seem to lie, as a rule, of more sedentary habits, and more 
nocturnal in their activity. The musical powers of the diflerent 
species are very varied. Locusta riridisshna produces a shrill and 
monotonous but not disagreeable, sound, and is capable of sustain- 
ing it for a quarter of an hour without any intermission, except 
a break for the sake of starting again immediately with greater 
force, like a performer on a flute. It cxjcasioiially chirps in tlie 
day, l)ut the act is then very brief. Bates informs us that one 
of these singing grasslioppers, called Tanana by the natives 
of the Amazon valley, is much admired for its singing, and 
is kept in little cages. The Amazonian naturalist thruight the 
music of this sjiecies superior to that of any other Orthoi>terous 
Insect he l^d heard. The name of this grasshopper is Tldihosnelm 
camdlifolius. It is very similar in appearance to Cyrtophyll'm 
crepitans, the Insect we have represented in Fig. 187. 

The most notorious of the musical Locustids are the Katydids 



Flo. 196.- -Inner face of liase of 
tegmiua of Litcuda viridUniwa : 
A, the two wing-covei'K separ- 
ated ; B, in natural poKition with 
inesonotnin connecting them, 
showing file and edge scraping 
it ; n, the stridulating tile ; h, 
tlie rudimentary file on other 
tegmen. 
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of North America. There are several sj^ies of them — they belong, 
indeed, to more than one genus, — ^but it seems that sounds some- 
what resembling the words Katy-did are perceptible in most of 
their performances. These sounds are frequently repeated with 
slight variations — Katy-did, 0-she-did, Katy-did-she-did. Riley 
describes the mime of the Katydid we represent in Fig. 196 as 
follows:' “The first notes from this Katydid are heard about 
the mkblle of July, and the species is in full song by the first 
of August. The wing-covers are partially opened by a sudden 
jerk, and the notes produced by the gradual closing of the same. 
The song consists of a series of from twenty-five to thirty rasp- 
ings, as of a stiff quill drawn across a coarse file. Tliere are 
about five of these raspings or trills per second, all alike, and 
with equal intervals, except the last two or three, which, with 



Fkj. 196.— Katydid, Microcentmm retinerve, N. America. (After lliley.) 


the closing of the wiiig-cover.s, run into each otlier. The whole 
strongly recallH the slow turning of a child's wooden rattle, ending 
hy a sudden jerk of the sjiiine ; and this prolonged rattling, which 
is ijcculiar to the male, in invariably and instantly answered hy 
a single sharp ‘ chirp * or * tschick ' from one or more females, 
who produce, the sound by a sudden upward jerk of the 
wings.” 

Tertinaeity is one of tlie most curious features of the perform- 
ance of musical Locustids. One would say they desire to distinguish 
themselves as much as possible. Harris says that Cyrtuphylhis 
coTicavm mounts on the upi^ermost twigs of trees and there per- 
forms its .Katy-did-she-diil in rivalry with others. He says even 
the female in this species gives forth a feeble noise. Scudder 
says that some of the Katydids sing both by day and night, but 
their day song differs from that of the night. “ On a summer’s 
day it is curious to observe these little creatures suddenly chang- 
^ Ann, Eep, Insects Miumri, vi. 1874, p. 159. 
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ing from the day to the night song at the mere passing of a 
doud, and returning to the old note when the sky is dear. By 
imitating the two songs in the daytime the grasshoppers can be 
made to respond to either at will ; at night they iiave but one 
note.” 

Although but little is known as to the Jiabits of Locustidae, 
it is ascertained that they are less exclusively herbivorous in 
their food habits than the Acridiidae are ; many seem to prefer 
a mixed diet. Locusta mridimma will eat various leaves and 
fruits, besides small quantities of flesh. It lias been recorded 
that a specimen in confinement mastered a huiuble-liee, extracted 
with its mandibles the honey-l>ag, and ate this ilainty, leaving 
the other parts of the bee untouched. Many of the I.ocu8tidae 
are believed to be entirely carnivorous. Brunner considers a 
minority to be exclusively phytophagous. The species very 
rarely increase to large numliers; this, however, occurs some- 
times with Orpliania denticatidn and Barhitutes yersini in 
Europe, and Anabrm pvrjmrascens in North America. We 
have already mentioned that the eggs of some sjiecies are 
deposited In parts of plants, and of others in the earth. The 
British Meihnema varinm de^iosits its eggs in the galls of Cynips 
in the autumn ; these eggs do not hatch till the following 
spring. Xiphidmm ensifcrmn has somewhat similar ha1»its in 
North America, the gall selected for the reception of the eggs 
being the scales formed liy a s^K^cics of Cecidimyin on the leaves 
of willows. It has been ascertained that the development of 
the embryo in the last-named species is commenced in the 
autumn, but is susiiended during the winter, lieing only com- 
pleted in the following spring, eight or nine months afterwanls. 
Wo owe to Wheeler^ a memoir on the embryology of this Insect. 

Some of the species have the peculiar habit of dwelling in 
caves. This is especially the case with the meml^ers of the tribe 
Stenopelma tides (Fig. 197), which frequently possess enormcjusly 
long antennae* and legs, and are destitute of alar organs and 
ears. The species with this habit, though found in the most 
widely separated parts of the world, have a great general 
resemblance, so that one would almost suppose the specimens 
found in t&e eaves of Austria, in the Mammoth cave of Ken- 
tucky, and in the rock -cavities of New Zealand to Im? one 

► 1 Wheeler, J, Uorphol viii. 1803. 
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.s|K*.cieK, altlujiigh they are now referred by eiitoiiiologista to 
diflureiit irenera. 



T]i(‘ Loeustidae display iii tlio greatest po:^.sil)le perfection 
that ivseinlilanee, of the tegniina to leaves which we nientioned 
when speaking of tire general eiiaracters of the Orthoptera. The 
wing-covers arc very hnif-likc in cohmr and apjx^arance in luany 
Locustidae, hut it is in the tri))e hseu(h»])hyllides and in the South 
American gtuius rtcruchroza (Fig. 198) that the phenonumon is 
jiiost remavkalde. The tegmina in the species of this genus 
look exa<dly like leaves in certain stages of ripem^ss or decay, 
fn the tegniina of some of tlu^ sjiecies not only are the colours 
of faded leaves e.xactly reprodiieeil, ))Ut sp )ts are ]»resent like 

those on h'aves due to 
cryptogam ic growths. 
T'erhaps the most 
r ei I larkahli'. feat u re 

of these resemblances 
is the one pointed 
out by Brunner 
von Wattenwyl/ 
viz. that the tracks 
^ a a and spots formed on 

Fiu. 108.— U-aMike logmen of Plernchroza welhtn : «, lpc,vp« hv f lio mhniurnr 
(/, iiuiiks like tho.e ina.le by lnseot8 on leaves. 

lnsects*in their tissues 

are also represented in the le^if-like wing-covers of the Fterovhroza ; 
transparent spots {a, a, Fig. 198) being present, just as they are 
in many leaves that have been attacked by Insects. Brunner was 
so much impressed by these facts that he came to the conclusion 
that they cannot be acconiited for on the grounds of mere utility, 
' Verli, zooK-boL Gett, IVicn^ xxxiii. 1883, p. 248. 
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an<l proposed the term Hypertely to express the uUni that in 

these eases tlie bounds of the useful are traiiseended. A\'e 

will ineution liere another peeuliar ease 

of resemblance described liy llrunner as 

occurriiio in a Lociistid. Two sptH^'iinemi 

of a. little riuineroptorid were biouglit 

fnaii tile Soudan l»v tlie Antiiiori ex- 
«/ 

])edition, and Iiave been deseribed Ijy 
Urunnei* uiidt i* the name of uUi/nmn)- 
jtltfunt The Jus(H‘t is said t*) 

bear an extraordinary r^^selllblallce to 
an ant. Tlie most peculiar feature in 
the resemblance is shown in Fi<^‘. 10!), 

A, 1». The most characteristic p*>int in 
the external form of an ant is tlie stalked 
abdomen, this structure beiiiLj at tlie 
sauK* time rputi' foreign to iht.^ ( )rtboptera. 

In the other iiarts <*f tln^ bo«lv and in 
the colour j^eneraily, the Mj/nnenijtlmiut. /,(/!, u, 

ivs ’iiibles Jill aiit, but the al>d«)meu of 

llie ( )rtIiopterou is not stalked; it has, bowcver, tlie appearance 
of lieiiig so, in consecpience of certain ])arts lieing of a wdiite 
colour, as shown in our figure. If abstraction be made of the 
white parts, the form of the stalked abdomen of tla^ ant is nicely 
rei>roductMl, The siieciniens brought from the Soudan w(U’e wing- 
less and destitute of ovi[K)sitor, and may be immature, but Ih uniier 
suggests that tlu^y may prove to be really mature, tlui ovipositor, 
tegmimi, and wings lieiiig permanently al).s(*nt. The existence 
of a long ovipositor would certainly detract greatly from the ant- 
like ai)[)earaiice of the Orthopteroii. 

Tt is certain that the ]»lant-like appearance of some of tlu; 
LiK'ustidae renders them inconspicuous to the human eye in the 
situations they frequent. It is a matter of common ohservaticiii 
that though the noLse of their chirpings may be heard to such an 
extent as to make it certain that many iiulividuals must Ut in the 
immediate neighbourhood, yet at the sjune time it may Ui most 
diflicult U) <letect even a single individual. M. Boutan noticed 
thi.s phenomenon in the *case of Ephijqnficm riif/osinolliH, and 
tells us that the human eye can, with a little practice, ac<[nire 
the art of detecting these concealed creatures. This consists 
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axjparently in making use, not of a general inspection, but of a 
scrutiny of the outlines of the leaves and twigs of a tree. By 
this means, when the eye is accustomed .to the task, the Insects 
can l»e detected with comparative ease; much in the same way, 

M. Ikjutan says, as a figure, placet I 
ill an engraving in such a way as to 
elude the eye, is appreciated with ease 
after the eye has once iierceived it. 

Some of the Locustidae are jiro- 
vided with means of defence of a jjosi- 
tive nature. The Algerian HugaMer 
guyuni ejects two jets of a caustic 
prang4M»61()ured iluid from two jiores 
situate on the sides of the meso- 
sternuiu,, and covered by the anterior 
coxae. This species is carnivorous as 
W'ell as herbivorous, and produces a 
sound more like luimming than stridu- 
lution.^ 

We have previously j)ointed out 
that some of the .iVcridiidae resemlJe 
the stick - Insects ratlier than the 
imnnbers of their own grouj:) ; and 
similar cases occur amongst tlie Locus- 
tidae. Such a resemblancti lias, how- 
ever, only been found in a few si)eci£‘s 
of the tribe rrochilides. We figure 
one of these, Fhmmodes rarutfnformis, 
a native of South-West Australia. 
Tlie very elongate linear form and the 
total absence of alar organa give this 
Fio. 200. — Piwsitmies ranatn- Tii.sect a Considerable resemblance to 
*Westwow^^^ stick -Insects or apterous Thas- 

iitidae. Frochilns australis is allied 
to this curious Tx)custid, but the alar organs are jiresent in both 
sexes, and tlie Insect Invars a great resemblance to the winged 
IMiasmidae. This is due not only to the general form and colour, 
but also to the fact tliat the teginina are very narrow, which 

* Bonnet anil Finot, iZur. Sci. Naf, (3) iv. p. 345« The word we have translated 
as Imnuning is bniisaement.’* 
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causes them to look like the colouroil slip on the anterior parts 
of the wings of some of the l*hasmitlao (cf. ]>. 2G6). Another 
ease of a Locustid witli elongate, slender form is found in tlie 
extraordinary IWingnryrUa jocom of South .Afri(*a, a meinlKU* of 
the tribe Sagides. Tt has minute organs of flight, and repro- 
duces, to a considerable extent, the form and appearance of 
Proscopides or of some Tryxalides.^ 



We follow Brunner in placing among the Liicustidae the large 
Insect \ye represent in Fig. 201. It is remarkable on amount of its 
tegmina and wings ; these have their extremities much prolonged 
and curled ; moreover, the flat interior urea and the abruptly de- 
* De Saussure, Ann, Soc. ent, France^ 1888, p. 151, pi. v. fig. 1. 
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flexed exterior area make them look more like the wings of 
Gryllidae. This species has no ocelli, and is said to be destitute 
of ears. The inflated condition of the anterior and middle tibiae 
suggest that it possesses auditory structures, though there appears 
to be no external opening for them. Tliis Insect is found in India, 
where it is said to Ije common on the Imnks of sandy rivers, 
living there in burrows of the depth of three feet. Verj’ little 
is known, however, as to this curious Insect. It has lecently 
lieen reported ‘ as being injurious to tobacco and other crops on 
high ground in Durbungha by cutting off their roots. The local 
name for the Insect is hherwa. We should think it somewhat 
doubtful whether this refers really to S. monstrosus. 



Fiti. 202 . — Anostostmia anstralaaiaCj inalf, Australia. 


In niimlM'r of species the Ix)ciisti(lao are perluips scarcely 
inferior to the Acridiidae, and in vari(»ty of form they surpass 
this latter family. Many of the most gigantic forms are apterous, 
and these very often liave a rei>ellant aspect. The genus Ano»to- 
stoma is remarkable for its large head. Allied to it is Deinacrida 
hHeracanthay the ‘‘ Weta-punga ” of the New Zealand natives, an 
Inswt formerly abundant in the forests north of Auckland, but 
of late years liecome extremely rare. The head and body of 
this Insect may measure more than 2^ inches in length, and 
when the antennae and legs are stretclied out the total lengtli 
may Ijc 14 or 15 inches. Although bulky and absolutely wing- 
less, yet, as Buller informs us/'* it climbs with agility, and is 
sometimes found on the topmo.st branches of lofty trees. When 
di8turl)ed it produces a clicking, accompanied by a slow movement 
' huOan Mna, Xot^s, ii. 1893, p. 172. * Zoologisi, 1867, p. 489. 
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of its hind legs. A second species, D. Um^acica, lives in decayed 
wood, and a third, D, megiicephala, is remarkable from the very 
large size of the head and mandibles in the male sex. The fact 
that a clicking noise is produced by the Weta-punga is of some 
interest, for the genua Deimcrida is among the I/)ciistidae that 
possess ears, but are said to te destitute of^j^und-producing organs. 

Amongst the most remarkable of the Locuatidae are the two 
species of which Brongniart has recently formed the genus 
JSumegalodon and the tribe Eumegalodonidae, which is not included 
in Brunner’s table of the tribes of Locustidae. The ovipositor 



Fig. 203. — I^umegalodon UanchardU female. Borneo, x (After Brongniart.) 


is large and sabre-shaped ; the male is unknown. Tlie genus 
Megidodon is placed liy Brunner in the tribe Conocephalides ; it 
also consists of extremely rmnarkable Insects. 

Tlie Locustidae appear to of slow growth, ami the autumns 
of Britain are usually not warm enough for them. Hence we 
have but nine British species, and of this number only iliree or 
four are known to occur north of the Thames. The only one 
that attracts attention is Locusta viridmima, which in some 

•1 ' 

districts of the south of England occurs in considerable numbers, 
and attests its presence by its peculiar music. It is called the 
green grasshopjx*r. 
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The geological record is rather obscure in the matter of 
Locustidae. Scudder considers that a fair number of Tertiary 
forms are known, and says that they represent several of the 
existing tribes and genera. One or two have been found in 
Mesozoic rocks. 


Table of the Tribes of Locustidae 

1. Tarsi more or less depressed. 

2. Front tibiae furnished with auditory cavities. 

3. Antennae less distant from the summit of the occiput than from 
the labnim ; inserted between the eyes.^ 

4. First two joints of the tarsi laterally smooth. (Posterior tibiae 
famished on each side with an apical spine.) Tribe 1. 
Phaneropterides. (Fig. 196, Microcentrum; Fig. 199, 
Myrmecophana, Fig. 101, Poecilimon affinis,) 

4\ First two joints of the tarsi laterally, longitudinally sulcate. 

5. Foramina of the anterior tibiae normally open. (Fig. 
193, A.) 

, 6. Posterior tibiae furnished on each side with apical spines. 

7. Prosternum unarmed. Tribe 2. Meconemides. 

7'. Prostemum bispinose or bituberculate. Tribe 3. 
Mecopodides. 

Posterior tibiae with no apical spines. (Head prognath- 
ous.) Tribe 4. Prochilidks. (Fig. 200, Phamodes.) 
r/. Foramina of the anterior tibiae forming a chink, or pro- 
tected by a scale. (Fig. 193, B.) 

6. Anterior tibiae with no apical spines. 

7. Margins of the scrobes of the antennae prominent. 
Tribe 6. Psbudophyllides. (Fig. 187, CyHophyllus 
crepitans; Fig. 198, Pterochrozn ocellata,) 

7'. Margins of the scrobes of the antennae not prominent. 

8. Posterior tibiae furnished above on each side with 
apical spines^ or with a single spine on the side. 

9. Posterior tibiae either furnished with apical 
spines on each side, or only on the inner side. 
Tribe 6. Conocephalides. (Fig. 189, Copio- 
phora comuta,) 

9'. Posterior tibiae furnished above with an 
apical spine placed only on the outer side. 
Tribe 7. Tympanopborideb. 

8'. Posterior tibiae without apical spines. Tribe 8. 
Saoideb. 

6'. Anterior tibiae furnished with an apical spine on the 
inner side.^ 

^ This diagnosis is an attempt to express in something approaching an exact 
manner the distinction of the flattened from the arched or convex head. 

* Scrobes are the depressions in which the antennae are inserted. 

* There are unfortunately a few exceptions in the case of this character. 
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7. The first joint of the posterior tarsi destitute of a free 
sole-lobe. Tribe 9. Locustides. 

7'. The first joint of the posterior tarsi furnished with a 
free sole -lobe. Tribe 10 . Decticpes. 

Antennae more distant from the summit of the occiput than from 
the labrum, inserted cither beneath the eyes or on their inferior 
border. Tejjmina and wings greatly (ibbreviate, scale-like ; when 
tcgmina are present they are fund'shed in each sex with a 
tympanum. 

4. Third joint of the posterior tarsi shorter than the second. Both 
anterior and posterior tibiae furnished on each side with a 
spine. Tribe 11 . Callihenjdes. 

4'. Third joint of posterior tarsi longer than the second joint. 
Anterior tibiae with no apical spine on the inner side, and 
posterior tibiae with no apical spine on the outer side. 

6. Antennae inserted at the edge of the eyes. Pronotum 
unarmed. Tegmina present in each sex. Anterior tibiae 
lurnished on the outer side with an apical spine. Posterior 
tibiae furnished beneath with four apical spines. Tribe 
12. ErHIPPIQERIDES. 

Antennae inserted distinctly below the eyes. Pronotum 
spinous. Elytra in the females wanting. Anterior tibiae 
without apical spine on either side. Posterior tibiae 
beneath with two apical spines or with none. Tribe 1 3. 

{ Hetrodides. 

2'. Anterior tibiae without auditory cavities. Tegmina with no tym- 
panum. Tribe 11. Oryllacrides. (Fig. 201, Schkoihictylvs 
monstrosiis.) 

r. Tarsi distinctly compressed (most of the species apterous.) Tribe 16. 

Stenopelmatideb. (Fig. 202, Anostostoma avstralasiae ; Fig. 197, 

Volichojmla palpata.) 



CHAPTER XIV 

ORTHOPTERA CONTIXUKh GRYLLTDAE, CRICKETS 

Fam. VIII. Gryllidae — Oiickets. 

Antennae very slender ^ generally long and setaceous; hind legs 
longt saltatoriaL Tegmina with the outer portion dejlexed 
on to the side of the lady, and vnth the inner part lying fiat 
on the body. Tarsi usually threefointed {rarely two- or four- 
jointed). Female with a long ovipositor {except in Gryllotnl- 
•pides). Apterous forms numerous. 

The (iryllidao are closely connected with tlie Lociistidae, the 

niusic^il and auditory organs 
being in both similarly situate, 
and the female in both possess- 
ing, in most of the tribes, an 
elongate exserted ovipositor. 
The two families differ in the 
numljer of joints of the tarsi, 
in the form of the tegmina, 
and in the fact that in Giyl- 
lidae the portion of tlie wing 
modified for musiail purposes 
consists of a larger portion 
of the organ — according to 
de Saussure, the discoidal as 
well as the anal area. 

Flo. 204.~Housie.cricket, family WOuld be R 

dotnesticus, male. ^ 

very natural one if we were 
to exclude from it the mole-crickets which have fossorial front 
legs and no ovipositor, and the Tridactylides, which also are 
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destitute of ovipositor, and have short antennae, consisting of 
alx)ut ten joints. 

The head is generally very large ; ocelli are present, though 
usually imperfect ; the extremity of the body l)ears a pair of 
remarkably long cerci. The hind tibiae are usually armed with 
very strong spines; the first joint of thejiind tarsus is elongate, 
and terminates in two spines, Ijetween wiiich the small second 
joint is often almost completely concealed ; the feet are not pro- 
vided beneath with pads, but only l)ear remote setae. 

The alar organs are difficult of comprehension, and different 
opinions prevail as to their morphology. The tegmina are 
extremely different to the hind wings, and never attain large 
dimensions, neither do they exhibit any leaf-like or ornamental 
structures. In the genus Pteroplistm they are formed some- 
what like the elytra of Coleoptera, and close over tlie back of 
the Insect in a fashion very 
like that found in Ix^etles. 

According to Brunner the 
larger part of the tegmcn 
— wMiich. as we have said, 
reposes nat on the bac'k 
of the Insect — represents 
iiierely tlie anal area, and 
all the other parts must be 



sought in the smaller, dc- 
flexeil portion of the. w’ing- 
cover. De Saussure’s o])inion, 
to a Komew'liat different 


Fig. 205. — Tegmina (sinlstral) of the house-ericket. 
A, male, inner aspect ; B, female, outer 
asiiect : inner margin ; 6, outer margin ; 

<*, nervure bearing strklulating tllo. 


effect, we have already mentioned. Tlie tegmina of the mah^ 
are extremely different from those of the female, so that it is a 
matter of much difficulty to dix*ide what nervures corresjMiiid.^ 
The wdug-covers of the male differ from those of the l^gjustidae, 
inasmuch as the pair are of similar formation, each Ijearing a 
stridulating file on its lower aspect. This file projects somewliat 
inwards, so that its position is markeil on the outer aspe(,*t of the 
wing-cover hy a depression. Usually the right tegmen overlaps 
the oth(^, an arrangement contrary to that whicli prevails in 
other Otthoptera. The. wings are ample ami delicate ; they 
possess numerous nervures that are not much forked and have a 


^ See Puiigiir,. Termes, 1877, p. 223. 
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simple, somewhat fati-Iike arrangement; the little transverse 
nervnles exhibit only flight variety. These wings are fretjuently 
roiled up at the apex, and project beyond the body like an 
additional pair of Qerd (Fig. 204). The abdomen is chiedy 
remarkable for the large development of the pleura, the stigmata 
being consequently very conspicuous. The cerci are not jointed, 
though they are flexible and, often, very long; they bear a 
variety of sense-organs (Fig. 67). The saltatorial powers of the 
crickets are fre<iuently considerable. 

Graber has observed the post-embryonic development of the 
fleld-cricket, Gryllua campestris, though unfortunately not from 
the very commencement, so that we do not know whether there 
are five, six, or seven ecdyses ; the number is probably either six 
or seven. The manner in which the alar organs are developed is 
similar to that we have describe<l and figured in the Locustidae. 
In the earlier instars there is a sliglit prolongation of each side 
of the meso- and meta-notum, but aliout the middle of the 
development a considerable change occurs — the rudimentary 
organs then l)ecome free appendages and assume a difi’erent 
po.sitiou. 

The Grylli«ke possess a piir of tympana on each front leg, 
but these organs contrast with those of tlie Locustidae in that 
the pair on each leg tistially differ from one another, the one on 
the outer or jiosterior aspect being larger than that on the inner 
or front face of the leg. 

The ears of the Gryllidae have not been so well investigated 
as those of the Locustidae, but are apparently of a much less 
perfect nature. No orifice for the admission of air otlier than 
that of the prothorncic stigma has been detected, except in 
Gryllotalpa. On the other hand, it is said ' that in addition to 
the tibial organs another pair of tympana exists, and is seated 
on the second abdominal segment in a position analogous to that 
occupied by the ear on the first segment of Acridiidae. 

The musical powers of the crickets are remarkable, and are 
familiar to all in Europe, as the performance of the house-cricket 
gives a fair idea of them. Some of the Insects of the family are 
able to make a very piercing noise, the note of Brachyirypta 
megacephaiua having been heard, it is. said, at a distance of a 
mile from where it was being produced. The mode of produc- 
‘ Brunner, VerK socl.-bU. Oca. fFien, xziv. 1874, |i. 288. 
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tioii is the same as in the liocustidae, rapid vibratiuii of the 
tegmina causing the edge of one of them to act on tlie iHle of tlie 
other. 

The mole-cricket, Gryllotalpa xndgaris — the IfVm of tlie 
Germans, CourtilUre of the French — is placed with a few 
allies in a siHJcial group, Gryllotalpides, , characterised hy the 
dilated front legs, which are admirably adapted for working 
underground. Like tlie mole, this Insect has a sul»tcrranean 
existence. It travels in burrows of its own formation, and it also 
forms Ijeiieath the surface a habitation , for its eggs and family. 
Its habits have been alluded to liy Uilliert White, ^ who tells us 
that a gardener at a house where I was on a visit, happening 
to lie mowing, on the 6th of May, by the side of a canal, his 
scythe struck too deep, pared off a large piece of turf, and laid 
open to view a curious scene of domestic i^conoiny : tliere w'cre. 
many caverns and winding passages leading to a kind of chamber, 
neatly smoothed and rounded, and alxiut the size of a moderate 
snuff-l;)ox. Within this secret nursery were tle[)osited near a 
hundred eggs of a dirty yellow colour, and envelope d in a tough 
skin, but too lately excluded to contain any rudiments of young, 
being full of a viscous substance. The eggs lay but shallow, and 
within the inliuence of the sun, 
just under a little heap of fresh 
moved mould like that which is 
raised by ants.” 

The front legs are remark- 
able structures (Fig. 206), being 
lieautifully adapted for lairrow- 
ing ; the tibiae and tarsi are 
arranged so as to act as shears 
when it may lie necessary to 
sever a root. The shear -like 
action of the tarsus and tibia is 
very remarkable; the first and 
second joints of the former are 
furnished with hard processes, 
which, when the tarsus is moved, pass over the edges of the 
tibial teeth in such a way as to Ije more effective than a 
pair of shears. In consequence of its habit of cutting routs, 

' Xaturai Histary of Selboni^f Letter xc. 
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the mole-cricket causes some damage where it is abundant. It 
is now a rare Insect in England, and is almost confined to the 
southern counties, but in the gardens of Central and Southern 
Europe it is very abundant. Its French name courtUih'c is 
supposed to lie a corruption of the Latin curtilkL Its fondness 
for the neighbourhood of water is well known. I)e Saussurc 
says that in order to secure sjiecimens it is only necessary to 
throw water on the paths l^etween the flower-1 )eds of gardens 
and to cover tlie wetted places with pieces of board; in the 
morning some of these Insects are almost sure to l)c found under 
tlie boards dis|.Kjrting themselves in the mini The (Iryllotalpae 
swim admirably by aid of their broad front legs. 

Ears exist in the mole-cricket, and are situate on the front 
leg 1 >elow the knee, as in other Gryllidae, although it seems strange 
that a leg so profoundly modifled for digging and excavating 
as is that of the mole-cricket should be provided with an ear. 
In Gryllotalpa the ear is concealed and protected by being 
placed in a deep slit or fold of the surface, aiul this dei)ression 
is all that can be seen by examination of the exterior ( Fig. 206, r). 
In tlie allied genus Smptermus the tympanal membrane is, how- 
ever, destitute of special protection, being completely exposed on 
the surface of the leg. 

Although the tegmina or upper wings in Gryllotalpa are of 
small size, yet the true wings are much more ample ; they are 
of delicate texture and traversed by many nearly straight radii, 
so tliat they close up in the most Complete manner, and form 
the two long delicate, flexible processes that in the state of repose 
may be seen }»rojecting not only lieyond the tegrnina, but actually 
surpassing the extremity of the Inidy hanging down behind it, 
and looking like a second pair of cerci. 

The mole-cricket is lielieved to lie chiefly carnivorous in its 
diet, though, like nuiny otlier Orthoptera, it can accommodate 
its appi^tite to i>arts of the vegetable as well as of the animal 
kingdom. The Insect is capable of emitting a sound consisting 
of a dull jarring note, somewhat like that of the goat-sucker. 
For this purpose tlie tegmina of the males are provided with an 
ajiparatus of the nature we have already described, but which is 
very much smaller and lesa elaborate than it is in the true 
crickets. 

The alimentary canal and digestive system of Gi'yllotalj^a 
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present peculiarities worthy of notice. Salivary glands and 
reservoirs are present ; the oesophagus is elongate, and has on 
one siile a peculiar large pouch (Fig. 207, c); l)ey<ind this is the 
gizzard, which is embraced by two lobes of the stomach. This 
latter organ is, beyond the lobes, continued backwards ns a 
neck, wliich subsequently liecomes larger and rugose-plicate. On 
the neck of the stomach there is a paf^ of branching organs, 
which Diifour considered to 


lie jicculiar to the mole- 
cricket, and compared to a 
spleen or pancreas. 'Die single 
tube into which the Mal- 
jiighian tubules open is seated 
near the coiiimenccment of 
tlie small intestine. These 
tubules are very tine, and are 
aliout one hundred in num- 
ber. The arrangement by 
which the Malpighian tub- 
ides open into a common duct 
instead of into the intestine 
itself apjiears to be charac- 
teristic of the Gryllidae, but 
is said to occur also in 
Ephippifiera, a genus of 
Locustidae. According to 
licydig ^ and Schindler the 
Malpighian tubules are of 
two kinds, differing in colour, 
and, according to Leydig, in 
contents and histological 
structure. Near the posterior 
extremity of the rectiiiu 
there is a lobulated gland 
having a reservoir connected 
with it; this is the chief 



Fia. 207. — Alimentary cnnal niid appendages of 
the mole - cricket : a, head ; salivary 
glands ami receptacle ; r, lateral ]H)nch ; r/, 
stoiuato-gostric nerves ; e, anterior lobes of 
stoniacli ; /, iiecnliar organ ; . 7 , neck of 
stomach ; A, plicate portion of same ; t, rec- 
tum ; h lobnlate gland ; /, extremity of body ; 

Malpighian tulass. (After Oufuiir.) 


Hource of. the foetid secretion the mole-cricket emits wlien seized. 


The nei*^ous cliain consists of three thcnncic and four abdominal 


ganglia ; these latter do not extend to the extremity of the body ; 


> Mailer’* Ardi. 1859, j>. 159. 
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tile three anterior of the four ganglia are but Hiaall, the terminal 
one being much larger. r 

The number of egga deposited by a female mole-cricket is 
large, varying, it is said, from 200 to 400. The mother watches 
over them carefully, and when they*are hatched, which occurs in 
a period of from three to four weeks afttr their deposition, she 
supplies the young with food till their first moult ; after this 
occurs they disperse, and liegin to form burrows for themselves. 

It lias been said that the young are devoured by their parents, 
and some writers have goiie so far as to say that 90 per cent of 
the progeny are thus disposed of. M. Decaux, who has paid 
considerable attention to the economy of the mole-cricket,^ acquits 
the mother of such an offence, but admits that the male commits 
it. The number of eggs in one nest is said to lie about 300. 

The embryonic development of the mole-cricket has been 
studied Ijy Dohrn - and Korotneff;'* and is considered by the 

former to lie of great interest. The 
tracheae connected with each stigma 
remain isolated, while, according to 
Korotnefi* the development of the 
alimentary canal is not completed 
when the young mole -cricket is 
hatched. Perhaiis it may be this con- 
dition of the digestive organs that 
necessitates the iinusnal care the*, 
mother Imstows on her young. 

The genus Cylintlroihs (Fig. 208, 
G, kochi) comprises some curious ami 
rare Insects of elongate, slender form. 
They are natives of Australia, where 
the first species known of tlie genus 
Fi(j. 208. — CyUmhrHie^ knehu was found ill Mclvillii Island by Major 

Insect with five of the legs ami i ampliell, froiii wlioiii wc learii that 

the extr^iiityof the hmly muti- these IllSectS hlllTOW ill the. stClllS of 

lilted; B, middle leg. (After ixi.-i.iii. 

de Saussure.) plants, aiid are so destructive that he 

was unable to keej) a single plant in 
his greenhouse on account of the ravages of Cylindrodes 
Campbell IL The form of these Insects is beautifully adapted to 

' Buff. Sue. r»L Fra nee f 1893, p. cccxli. 

^ Zeitnehr. tvis9. x.uii. 1876, p. 122. ® xli. 1885, p, 570. 
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their habits, the In^dy being contracted in the inidtUe in siu h a 
way as to permit the middle and hind legs to be packeil against 
it, so that the cylindrical forni is not interfered with In' these 
appendages while the excavating anterior legs are at wnrk in 
front of the Insect. The abdomen has nine segments ; tlie 
terminal one, said to be remarkaUv long and destitute of cerci, 
is not shown in our figure. 

The genus TriiiiuHyUis is considered by de Saussure to form, 
with its ally Ithqnptei^x, a division of Gryllotalpinae. Init they 
are treated, perhaps more 
correctly, by lirunner as a 
separate tribe. 7\ rnru- 
l/atus (Fig. 209) is a small 
Insect, abundant in sandy 
places oil the l»anks of 
rivers in Southern Europe, 

— extending on the Rhone 
as far north as Gene>n,- 
and is rcmiarkable for its 
great power of leaping, and 
for the rapblity with wliich 
it can burrow in tlie saml. 

This anomalous Insect has 
only ten joints to tlie an- 
tennae. Its alar organs 
are imperfect, and not like 
tliose of otlier Gryllidae in either form or ncuration. The liind 
legs are of peculiar structure, the tilaae terminating in two pro- 
cesses between whicli is situate a rudimentary tarsus. Near tli^ 
extremity of the tibia there are some plates, forming two scries, 
that can bo adpressed to the tibia, or extended as shown in our 
figure. The body is terminated by four rather short, vcr)' 
mobile processes ; tlie upper i»air of these are each two-jointed, 
and are thought by de Saussure ami Haase ' to be cerci ; tlic 
inferior pair, being articulated prixesses of the anal segment, 
their presence in addition to cerci is remarkable. It is diflicult 
to distinguish the sexes of this Insect. 

The exotic genus Bhqnpteryj: is allied to Tridactylus, It is 
widely distributed in South America, but the little Insects that 
• ^ Morph, Jahrh, xv. 1889, p. 400. 



Fig. 209. — Tridadylus mnefjtfftrUf France. 
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coiiipose it are rare in collections, their saltatorial powers no 
(If)uljt making it difficult to catch them ; little is known as to 
their habits. In- the undescribed Ama- 
zonian species we figure (Fig. 210), the 
wings, instead of Ixring mere rudiments, 
113 in Tridactylus, are elongate and project 
beyond the body ; they are of a blue- 
black colour, and arranged so as to look 
as .if they were the abdomen of the Inswt ; 
they, moreover, have a transverse pallid 
mark, giving rise to an appearance of 
division. It is diliicult to form any 
surmise as to the nature of so curious a 
mollification of the wings. 
YiQr 2 \o.—nhipipteryx^y^„ The Tridactylides have no tympana on 
Amazon valley. affinity with the Gryl- 

lidae is very doul)tful. Diifour thought 2\ variegatuH to be more 
allied to the Acridiidae. He based this opinion chiefly on some 
points of the internal anatomy, but pointed out that Tridmtylus 
differs from the Acridiidae in having no air • sacs in the 
body. 

Ni»t many of tlie Gryllidae are so peculiar as the forms we 
have mentioned. The family consists in larger part of Insects 
more or le.ss similar to the common cricket, though exhibiting 
a great variety of external form. The common cricket of our 
houses, Gryllns (Acheta) (loinestieus (Fig. 204), has a very wide 
distribution in the Old World, and is also found in North America. 
It is believed to have had its natural distribution extended by 
commerce, though really nothing is known as to its original 
habitat. The shrill chirping of this little Insect is frequently 
heard at night in houses, even in the most densely inhabited 
parts of great cities. Neither the female nor the young are 
musical, yet the chirping may l>e heard at all seasons of the year, 
as young and adults coexist independent of season. The pre- 
dilection of Oryllm domcstivns for the habitations of man is very 
curious. The Insect is occasionally found out of doors in the 
neighbourluxHl of dwelling-houses in hot weather, but it does not 
appear that this species leads anywhere a truly wild life. It is 
fond’ of heat ; though it rarely multiplies in dwelling-houses to 
any great extent, it is sometimes found in profusion in bake- 
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houses. Usually the wiiij^s in the cricket are elongate, ami ]>ro- 
jv?ct backwards from under the tegmina like an jolditional pair 
of cerci ; a variety, however, oc'curs in which these tails are 
absent, owing to abbnjviation of the wings. 

There is no beauty in tlie aiipearance of any of the ( Jryllidae, 
though many of them are very bizarre in sliape. Very fow nf 
tliem venture to leave the surface of the t*arth to climl) on 


]dants. The species of (keanikm, liowever, do so, and may l»e 
found sitting in ilowers. They have a more I»ciistoid aj^jiea ranee 
tlian other Gryllidae. One of the most curious forms of tlu» 


family is riatyhlcmwns, a genus of 
several species found in the ilediter- 
ranean region, the male of which lias 
the liead imdonged into a curious pro- 
cess (Fig. 211); this varies greatly in 
ilevelopmcnt in the males of the same 
species. Jt would seem that this organ 
is of a. similar nature to the extra- 
ordinary structures we have figured in 
[..ocustidae (Fig. 189) and Mantidae 
(Fig. 186), though it appears impossible 
to treat the cephalic apj>endages of Phity- 
hlrmmtfs as ornamental objects; their 
import is at present ([uite ob.scure. 


A 





FlCf, 21 ] . — PJatyhhmm ua 7 ha! . 
(HfiirHAf iiinle. A. front of 
hcHil ; B, ])roiile of liis(‘ct 
with most of i)ic ainiemlagts 
1‘vmovtMl. 


A curitjus form of variation occurs 


in this family, and is called micropterism l)y de Sausaure; wo 
have already mentioned its occurrence in the house-cricket. The 
liind wings, whicli are usually ample, and frefpiently have their 
extremities rolled up and protruding like cerci, are sometinu's 
much smaller in size, and not visible till the tegmiiia are ex- 
panded. I)e Saussure at one time supposed these micropterous 
individuals to be distinct species; it is now, however, known 
that intermediate examples can lie fouinl by examining a great 
many specimens. Some species are always micropterous. 

In Britain we have only four representatives of the (Iryllitlae, 
viz. the mole-cricket, the hou.se-cricket, and two ficld-crickcts, 
one of which, yemobius sylvcstris, is considerably smaller tlian 
the house-cricket, while the other, Gryllv.s catnprstris, the true 
field-cricket, is a larger Insect. Its habits have l>een describe*! 
• in an interesting manner in Gill^rt White’s 88th letter. 
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..Thin Insect, like so many others, is. apparently becoming rare in 
this country. * 

A singlet^fossil from the Lias has been described as belonging to 
the Gryllidae, but in the Tertiary strata a variety of members of the 
family have been discovered both in Eui'ope and North America. 

The classification of Gryllidae is due to de Saussure,^ and is 
said by Brunner to be very natural. In the following synopsis of 
the tribes of crickets we give de Saussure’s arrangement, except that 
we follow Brunner in treating Tridactylides as a distinct tribe ; — 


1. Antennae ten-jointed ; posterior tarsi aborted. Tribe 1 . Tridactylides. 

(Fig. 209, Tndactylus variegatug; Fig. 210, Rhipipteryx sp.) 

1'. Antennae many jointed ; posterior tarsi normal. 

2. Tarsi compressed, the second joint minute. 

3. Anterior legs fossorial ; anterior tibiae at the apex witli two to 
four divisions. Pronotum elongate, ovate, rounded behind. 
Female without ovipositor. Tribe 2. Oryllotalpides. (Fig. 
206, front legs of Gryllotalpa; Fig. 208, Cylindrodes kochi) 

3'. Anterior legs formed for walking. Ovipositor of the female 
visible (either elongate or rudimentary). 

4. Posterior tibiae biseriately serrate. Tribe 3. Myrmbco- 

PHILIDES. 

4'. Posterior tibiae biseriately spinose. Ovipositor straight. 

5. Antennae short, thickish, almost thread-like. Facial 
scutellum exserted between antennae. Posterior tibiae 
dilated. Gen. Myrmecophilar 
5'. Antennae elongate, setaceous. Facial scutellum trans- 
verse, visible below the antennae. Tibiae slender. 

6. Posterior tibiae armed with two strong spines, not 
serrate between the spines. Tribe 4. Gryllides. 
(Fig. 204, Gryllus domesticus; Fig. 211, Platy- 
blemmus lusitanicus,) 

O'. Posterior tibiae slender, armed with slender spines, 
and serrate between them. Tribe. 5. Oecan- 
THIDES. 

2'. Second joint of the tarsi depressed, heart-shaped. 

3. Posterior tibiae not serrate, but biseriately spinose. 

4. The spines on each side three and mobile ; apical spurs 
on the inner side only two in number. Ovipositor short, 
curved. Tribe 6 . Trigonidiides. 

4'. The spines numerous, fixed. Ovipositor elongate, straight. 
Gen. Stcnogryllug, 

3\ Posterior tibiae serrate and spinose on each side, the apical spurs, 
as usual, three on each side. Ovipositor straight or curved. 
Tribe 7. Exeopterides. 


^ Mem, Soc,phys, Oenevct xxv. 1877, and^tof. Ceiitr, Avier. Orthojitera, 1894, p. 198. 

^ The genus Myrmecephila, being exceptional in several respects, is treated 8e]>arate1y. * 





CHAPTER XV 


. NEUBOPTERA — MALLOPIIACA — EMBIIDAE 

Order in. Nenroptera. 

Imago with biting mouth; with two pairs of wings, the anterior 
as icell ns the posterior membranous, usually with extensive 
neuration, consisting of elongate nervures and either of 
short cross-nervvles forming numerous celts or of a com- 
plex minute mesh-tiw'k. (One division, Mallophaga, con- 
sists entirely of wingless forms ; in Termitidae some of the 
individuals of each generation become winged, but others 
do not: except in these cases adult wingless forms are few.) 
The metamorphosis differs in the several divisions. 



Ft(!. 212 . — Omylm ekrympi. New Forest. 


The Nenroptera form a heterogeneous, though companitively 
small, Order of Insects, including termites, stone-flics, dragon- 
flies, mqy-flies, catldis-flies, lace- wings, scorpion-flies, ant-lions, etc. 
Bird-lice are also included in Neuroptera, though tliey have no 
trace of wings. 

We treat the Order as composed of eleven distinct families, 
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and, as a matter of convenience, arrange them in five 
divisions : — 

1. McUlophaga . — Permanently wingless Insects, living on the bodies of birds 

or mammals. (Development very imperfectly known.) Fani. 1. 
Mallopbaga. 

2. Pmidoneuroj)tera, — Insects ivith wings in adult life (in some cases wings 

are never acquired). The wings are developed in a visible manner 
outside the body. There is no definite pupa. Live entirely on land. 
Fam. 2. Embiidae ; «3. Termitidae ; 4. Psocidae. 

3. Neuropteia amphibiotica . — Wings developed as in division 2. Three ocelli 

usually exist. Life aquatic in the early stages. Fam. 5. Perlidae ; 
6. Odonata ; 7. Ephemcridae. 

4. Neuroptera planipmnia . — Wings developed internally ; not visible in early 

stages, but becoming suddenly evident when the pupal form is 
assumed. Mandibles present in the adult Insect. Life in early 
stages aquatic or terrestrial. Fam. 8. Sialidae ; 9. Panorpidae ; 1 0. 
Hemerobiidae. 

5. Trichoptera , — Development as in division 4. Mandibles absent in the adult 

Insect. Life aquatic in the early stages. Fam. 11. Phryganeiilae. 

The families we have enumerated in the preceding scheme are 
now generally adopted hy entomologists. Great ditterence of 
opinion exists, however, as to the groups of greater value than 
tlio family, and for a long time past various schemes himi lieen 
ill vogue. Though it is nece.s.siiry to allude to the more importaiil 
of tl)e.se systems, we can do so only in the briefest manner. 

Some, of the families of Neuroptera are similar in many points 
of structure and development to Insects of other Orders ; thus 
Termitidae are somewhat allied to Blattidae, Perlidae to Phas- 
mhlae in Orthoptera, while the Phrygaiieidae or Tricliopteru make a 
considerable approacli to Lepidoptem. Some natumlists — among 
wdiom we may mention Burmeister and Grassi — unite our Aptera, 
Orthoptera, and most of our Neuroptera into a single Order 
called Orthoptera. Others treat our Neuroptera as consisting 
of eight or nine ilistiiict Orders ; these, together witli the names 
proposed for them, we have already alluded to in our chapter 
on classification, pp. 171 - 177 . 

Erichson, impressed by the variety existing in Neuroptera, 
separated some of the groups into a sub-Order called Pseudo- 
neuroptera ; this sub-Order comprised our Termitidae, Psocidae, 
Ephemcridae, and Libellulidae. This division is still adopted in 
several treatises ; the Pseudoneuroptera are indeed by some 
natui'alists retained as an Order distinct from both Orthoptera < 
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and Neuroptera. Gerstaecker subsequently made use of a system 
somewhat different from that of Eriehson, uniting the IVrlidae, 
Ephenieridae, and Odonata into a group chilled Orfhoptcra 
amphibiotica, from which the Termitidae and Psocidae were 
excluded. The divisions we have here adopted differ but little 
from those of Gerstaecker, though we have arranged them in a 
very different manner. It is prol)able that not one-tentli part of 
the Neuroptera existing in the world have yet been examined l)y 
entomologists, and of those that are extant in collections, the 
life-histories and development are very imperfectly known. We 
have, therefore, not considered it wise to adopt a system that 
would involve great changes of nomenclature, while there can 
be little hope of its ])ermanency. 

Fossils. — AVhen considering the subject of fossil Insects wv 
briefly alluded to the discussions that have occurred as to whether 
the fossils of the palaeozoic period should l>e referred to erdsting 
Orders. Sin(*e the pages we allude to were printed, M. Ilrong- 
niart’s very important work^ on the Insects of that ei>och has 
appeared. He considers that these ancient fossils may be classi- 
fied with the existing Orders of Insects, though they cannot lx‘ 
placed ill existing families ; and he assigns the palaeozoic fossil 
Insects at present known, to the Orders Neuroptera and Orthop- 
tera, arid to the homopterous division of Ilemiptera. The greater 
]iart of tlie species lie looks on as Neuroptera, and places in 
six families — Megasccopterides, rrotephemerides, Platyiiterides, 
Steiiodictyopterides, Protodouates, and Protoiierlides. Of tlie.se 
he considers the ancient Protephemerides, Protodouates, and 
Proto})erlide,s as the juveursors, which, we presume, we may inter- 
pret as the actual ancestors, of our existing P^phemeridae, Odonata, 
and Perlidae. 

Some of the fossils restored and described by the P>ench ento- 
mologist are of great interest. We shall notice the Prote- 
phemerides, Protodouates, and Protoperlides in connexion with 
the families to which they are specially allied, and shall now 
only allude to the quite extinct families of Neuroptera, the 
Megasccopterides, Platypterides, and Steiiodictyopterides. 

It is a peculiarity of these ancient Insects that tliey were 
much larger creatures than the corresponding forms that now 
exist. This may be due, to some extent, to the fact that tiny, 
^ Insectes foasiles des temps primaires^ 1893, vol. i. and atlaa. 
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fragile forms have not been preserved in the rocks, or have not 
attracted the attention of collectors ; but as some of the palaeozoic 
Insects were absolutely the largest known — surpassing consider- 
ably in size any Insects at present existing — it is probable that, 
even if small forms existed at the remote epoch we are alluding 
to, the average size of the individual was greater than it is at 
present. The Megasecopterides of the carboniferous epoch were 
Insects of large size, with long, narrow wings, a small prothorax, 
and large meso- and meta-thorax, these two segments being equal 
in size ; the abdomen was elongate and moderately voluminous, 
and was terminated by a pair of very elongate, slender filaments 
like those of the may-flies. The family includes several genera 
and species found at Commentry. One of these forms, Cory- 
daloides scudderi, is of great interest, as it is lielieved by Brong- 
niart that the imago possessed tnutheol gills sitimted on the 
sides of the abdomen, analogous with those that exist at present 
in the immature condition of certain Eplierneridae. They are of 
interest in connexion with the gills found at the present time in 
the images of Pteromrcys (see p. 401). Although these fossils 
are of such enormous antiquity, the tracheae can, M. Brongniart 
says, lie still perceived in these processes. 

The I’latypterides include also a considerable number of 
Insects of large size, with four large equal wings, frequently 

spotted or variegate. Some of 
these Insects were provided 
with exjiansions or lobes on 
the sides of the prothorax 
(Fig. 213); these are looked 
on as analogous to the ex- 
pansions of meso- and meta- 
thorax, which are supposed by 
some writers to have been 
the rudiments from which 
wings were developed. These 
prothoracic wing -rudiments, if 
such they be, are said to have a system of nervures similar to 
what we find in true wings. The genus Lithomantis includes a 
Scotch fossil, and has already been mentioned by us on p. 259. 

The third family of extinct carboniferous Neuroptera is tho 
Stenodictyopterides, in which Brongniart places the IHetyoneura of 



Fig. 213 . — Lithonmnits carhomria, Car- 
lioniferous strata of Coiuriivutry, France*. 
(Alter Brongniart.) 
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Goldenberg, the North American Haplophlebium, and several genera 
from Commentry. Some of them were very large Insects, with 
robust bodies, and possessed wing-like expansions on the prothorax, 
and lateral gill-like appendages on the sides of the abdomen. 

It is worthy pf note that though so large a numl)er of car- 
boniferous Neuroptera have now been discovered, no larvae or 
immature forms have been found. 

We now pass to the consideration of the divisions of Neurop- 
tera still living. 


Fam. I. Mallophaga — ^Bird-Lice or Biting Lice. 

Small Insects, whujless, vnth large head ; thorax usualh/ rf two, 
rarely of one or three segments; 
prothorax always disthwi ; hind 
body consisting of eight to ten 
segments, in addition to the pos- 
terior two thoracic segments rvhich 
'usually are hut little or not at 
^ll separated from it. The meta- 
7ito7yhosis is very slight The 
creatures live on the shins of birds 
or mammals, finding nom'ishment 
in the epidermal products. 

The whole of the Insects of this 
ftimily live a parasitic, or rather epizoie, 
life. They all creej) about those parts 
tliat are near to the skin, the feathers 
of birds or the hair of mammals ; 
they rarely come quite to the surface, 
so that they are not detected on a 
superficial examination. It is curious 
that under these circumstances they should exhibit so great a 
variety of form and of anatomical chanicters as they do. 

They are very depressed, that is, flat. Insects, with a large 
head, which exhibits a great variety of shape ; frequently it is 
provided in front of the antennae with some j)eculiar tubercles 
called trabeculae, which in some cases are mobile. The antennae 
are never large, frequently very small ; they consist of from three 
to five joints, and are sometimes concealed in a cavity on the 



Fig. 214. — Tnnotnti htnilum. 
Lives oil the eniniiir)ii duck 
iiiul various sjjeeies of AtufH, 
(After Gieljel.) 
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under side of the head. Thd eyes are very rudimentary, and 
consist of only a small number of isolated facets placed . behind 

the . antennae ; sometimes 
they are completely absent. 
The mouth parts are Situ- 
ated entirely on the under- 
surface of the head and in 
a cavity. The upper lip 
is frequently of remarkable 
form, as if it were a scrap- 
ing instrument (oi, Fig. 

Fw. SI.*!.— Under-iurface ^hcatl of lipeurtu 215). The mandibles are 
Keterographut. (After Grosiie.) ol, I,abrum ; sharply toothed and appar- 
ind. inaudible ; mx, maxilla ; uL labium. , , * . , , . . ^ 

ently act as cutting instru- 
ments. The maxillae have been described , in the principal 
work on the family^ as possessing in some cases well-developed 
palpi. According to Grosse ^ this is erroneous ; the maxillae, he 
says, are always destitute of palpi, and are of peculiar form, being 
each merely a lobe of somewhat conical shape, furnished on one 
aspect with hooks or setae. The under lip is peculiar, and 
apparently of very diflfereiit form in the two chief groups of 
Mallophaga. The 

large mentum bears, H ?1 

in Liotheides (Fig. 

216, B), on each side 
a four-jointed palpus, 
the pair of palps 
being very widely 
separated; the ligula 
is broad and undi- 
vided ; on each side 

thei'e is a paraglossa Fig. 216. -Under lip of m^us A; and of 

, * 1 tknlmua chtlenns, B. (After Grosse.) Meutnm ; 

liearing an oval pro- p, ligula ; palp ; pg, paraglossa ; hy, liugno. 

cess, and above this 

is a projection of the hypopharynx. In Philopterides (Fig. 216, 
A) the palpi are absent, and the parts of the lower lip are — 
with the exception of the paraglossae— hut little differentiated. 
The lingua (hypo-pharynx) in Mallophaga is largely developed, 

* Giebel and Nitach, ImeOa epizoiea, folio, 1874. 

* Ztiadhr, wiM. Zool, xlii. 188fi, p. 537. 
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and bears near the front a chitinoos sclerite corresponding with 
another placed in the epipharyux. 

The prothorax in Mallophaga is a distinct division of the 
body even when the meso- and meta-thorax appear to be part of 
the abdomen. The mesothorax is frequently veiy' small ; it and 
the metathorax are sometimes intimately connected. In other 
cases (Laemohothriuni) the metathorax ajfipears to differ from the 
following abdominal segment only by having the third piir of 
legs attached to it. In Trimton (Fig. 214) the three thoracic 
segments are well developed and distinct. The abdominal 
segments visible, vary in number from eight to ten ; there is 
sometimes a difference according to sex, the male having one 
segment taken into the interior in conne.vion with the repro- 
ductive organs. The legs have short, broad coxae and small 
tarsi of one or two joints ; very rarely three joints are present ; 
there are either one or two cla^vs ; the legs with one claw being 
adapted for clinging to or clutching 
hail's. The front pair of legs is used 
not fur locomotion so much as for 
grasping the food and bringing it 
within^he range of the mouth. No 
trace of wings has been detected in 
any species. 

The neiv'ous system has been 
examined by Giebel in Lijieurvs 
bacillus; there is a supra- and an 
infra-oesophageal ganglion, and three 
thoracic, but no alxlominal ganglia. 

The supra-oesophageal is remarkably 
small, in fact not larger than the 
infra - oesophageal ; it consists evi- 
dently of two conjoined halves. The 



alimentary canal has a slender, elon- 
gate oesophagus, dilated behind into a 
crop ; this is frequently received be- 


Fio. 217. — Ganglia of nervouH sys* 
tern of Lipeurus bacillug. (After 
Giebel.) a. Cavity of head. 


tween two cornua formed by the anterior part of the stomach. 


which, except for these, is simply tubular in form, though some- 
what ^rrower at the posterior extremity. In some forms — 


Philopterides — the crop is of a very peculiar nature (Fig. 218), 


forming an abrupt paunch separated from the stomach by the 
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posterior portion of the oesophagus. There are only four Mal- 
pighian tubea ; in some species the basal 
half of each tube is much dilated. The 
two divisions of the intestine are short 
and are separated by the intervention of a 
glandular girdle. Salivary glands exist; 
Giebel figures what we may consider to 
Ije an enormous salivary reservoir as exist- 
ing in Menopon leucostonum. 

The testes and ovaries are of a simple 
nature. The former consist of two or 
three capsules, each having a terminal 
thread; the vasa deferentia are tortxious 
and of variable length ; they lead into 
the anterior part of the ejaculatory duct, 
where also opens the elongate duct pro- 
ceeding from the bicapsular vesicula semi- 
nalis ; these structures have been figured 
by Grosse^ as well as by Giebel. The 
ovaries consist of three to five short egg- 
tul)es on each side ; the two oviducts 
combine to form a short common duct 
with which there is connected a recepta- 
culum seniinis. 

The eggs of some Mallophaga have been figured by Melnikow 
they possess at one, extremity a cover with a multiple micropyle- 
apparatus, and at the opposite pole are provided with seta-like 
api)tmdages. They are very like the eggs of the true lice, and are 
said in some cases to he suspended by threads to the hairs or 
feathers after the fashion of the eggs of Pediculi. 

Little is known as to the development ; the young are ex- 
tremely like the adult, and are thought to moult frequently ; the 
duration of life is quite unknown. 

It has been Stated by some writers that the mouth is truly of 
the sucking kind, and that the Mallophaga feed on the blood of 
their hosts. This is, however, erroneous ; they eat the delicate 
portions of the feathers of birds, and of mammals perhaps the 
young hair. Their fertility is but small, and it is believed that 

* ZcUsckr. wiss, xlii. 1885, pi. xviii. f. 15. 

^ Arch*/. 2^*aturg. xxxv. i. 1869, p. 1.54, pis. x. xi. 



Fia. 218. — Alimentary canxil 
of JJmuphm'Hs fumcotlis, 
(After Giebel.) a, Oeso- 
pliagns ; 5, paunch ; o', 
])Osterior division of oeso- 
phagus ; c, chyliftc ven- 
tricle or stomach ; cf, 'Mal- 
pighian tubes ; .small 
intestine ; /, glandular 
ginlle ; g, rectum. 
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in a state of nature they are very rarely an annoyance to their 
hosta The majority of the known species live on binls ; the 
forms that frequent mammals are less varied and have been less 
studied ; most of them have only one claw to the feet (Fig. 220), 
wlxile the greater portion of the avicolous species have two 
claws. 



Fio. 219.— Umatiis, male ; 
inhabit Scircorkfimphuft jwjm. 
(Alter Giebel.) 



Fig. 220 . — Tnchoihctes hit its, mule 
inhabits the clog, Cams famili 
ans» 


Most of the forms have the anterior legs small, and they are 
usually drawn towards the mouth, owing, it is believed, to their 
being used after the manner of hands to bring the food to tla* 
mouth; hence in some of our figures (2.19, 220) the body looks 
as if it had only four legs. 

Very diverse statements have been made as to whether allied 
forms of Mallophaga are found only on allied birds. It would 
appear that tliis is the case only to a limited extent, as certain 
species are found on quite a variety of birds ; moreover, some 
birds harbour several si)ecies of bird-lice, even five genera liaving 
been found, it is said, on one species of bird. Docophnrm 
icterodes has been recorded as occurring on many kinds of ducks 
and geese ; the swan, however, harbours a distinct .species, Loco- 
phorus cygni, and this is said to have also been found on the 
bean-goose. 

At feast five species, iDelonging to three distinct genera, have 
been found on the common fowl The parasite most frequently 
met with on this valuable creatui-e is Afenopon (Fig. 
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221), which is said to have been figured by Bedi two hun- 
dred years ago under the name of Pvlex 
capi. This species multiplies to a con- 
siderable extent ; it is of very active 
habits, and passes readily from one bird 
to another, so that it is found on other 
species besides the domestic fowl. It is 
even said that horses kept near ben- 
rooets have been seriously troubled by 
Menopon pallidum, but it is suggested 
by Osborn that these attacks may per- 
, . haps have been really due to itch-mitea 

inhabiu the coiumos fowl, There 18 , however, no doubt that this 
(pUut dtmittticm, (After gpecies may infest poultry, especially if 
sickly, to an enormous extent. The dust- 
baths in which poultry are so fond of indulging are considered 
to be of great use in keeping down the numbers of this Insect. 

A table of the birds and mammals on which Mallophaga 
have been found, together vrith the names of the latter, has been 
given by OiebeL* The classification of the group, so far as the 
principal divisions are concerned, by no means accords with the 
kind of animals that serve as hosts, for the only two genera 
peculiar to quadrupeds (Triehodectes, Fig. 220 ; and Gyropus) 
belong to the two chief divisions of Mallophaga. The genus 
Menopon includes numerous species found on birds, and three or 
four others peculiar to mammala 

Two very natural divisions, Philopterides and liotheides, were 
adopted by Giebel and Nitzsch, but unfortunately the chief 
character they made use of for diagnosing the two groups — the 
presence or absence of maxillary palpi — was illusory. Apparently 
the labial palps will serve the purpose of distinguishing the 
two divisions, they being present in the liotheides and absent in 
the Philopteridea A table of the characters of the avicolous 
genera of these two groups is given by Grosse.® 

The Liotheides are more active Insects, and leave their host 
after its death to seek another. But the Philopterides do not 
do so, and die in about three days after the death of their host. 
Possibly Mallophaga may be transferred from one bird to another 

^ Op. cU, pp. viL-xiv. For claasifieation, etc., see also Piaget, Lea Pidiatlinea. 
Leyden, 1880. ’ Zeitaehr, wiaa, Zool. xlii. 1885, p. 532. 
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by means of the parasitic two-winged flies that infest birds. 
The writer has recoi'ded^ a case in which a specimen of one of 
these bird-flies captured on the wdug was found to have some 
Mallophaga attached to it. 

We should perhaps point out that these Mallophaga, though 
called bird-lice, have nothing to do with the true lice which are 
so frequently found with them, and that live by sucking the 
blootl of their hosts. It would in fact be better to drop the 
name of bird-lice altogether, and call the Mallophaga biting lice. 
Trichodectes latus, according to this method, would l)e known as 
the biting louse of the dog, the true or sucking louse of which 
animal is Haematopinus pUiferus, and belongs to the auoplurous 
division of Hemiptera.' 

Fam. n. Embiidae. 

Elongate feeble Insects ; with small 2^^othorax, elongate meso- and 
meta - thorax, which 
nay either hear wings 
or, he without them. 

•it 

In the former case 

these organs are not 

mducous, are deli- 

catel y membranous, 

and all of one consist- 

ence, nnth three or 

four indefinite longi- 

tucUnal nervures and 

a few cross-veinlets. Fio. 222.-(Vjj^ (After 

•' M*Lachlau.) 

The development is 

incom^etely known. The individuals do not form organised 
societies. 

The Embiidae are one of the smallest families of Insects; 
not more than twenty species are known from all parts of the 
world, and it is probable that only a few hundred actually exist. 
They are small and feeble Insects of xinattractive appearance, 
and shrivel so much after death as to render it difficult to 
ascertain their characters. They require a warm climate. Hence 
’ P. <nt. Soe. London, 1890, p. xzs. 
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it is not a matter for surprise that little should be knovm about 
them. 

The simple antennae are formed of numerous joints, probably 
varying in number from about fifteen to twenty-four. The moutli 
is mandibulate. Chatin states ^ that the pieces homologous with 
those of a maxilla can be detected in the 
mandible of Emhia. The labium is divided. 
The legs are inserted at the sides of the 
body^ the coxae are widely separated (Fig. 
223),' the hind pair being, however, mure 
approximate than the others. The aMo- 
men is simple and cylindrical, consisting of 
ten segments, the last of which bears a pair 
of biarticulate cerci. In the male sex thei-e 
is a slight asymmetr}’ of these cerci and 
of the terminal segment. The thorax is 
remarkable on account of the equal develop- 
ment of the meso- and meta-thorax and 
their elongation in comparison to the pro- 
thorax. "VVlien they Iwar wings tliere is no 
modification or combination of the segments 
for the purposes of flight, the condition of 
these parts being, even then, that of wing- 
that the Embiidae that have wings may Ije 



Fig, 223. — U iider ■ surface 
of Kmjbia Audalusia. 


less Insects; so 
described us apterous- 
like Insects provided 
with two pairs of in- 
efficient wings. The 
wings are inserted on 
a siuall space at the 
front part of each of 
the segments to which 
they are attached. 
The legs have three- 
jointed tarsi, and are 
destitute of a terminal 
apiiendage. between 
the claws. 



Fig. 224. — Anterior wing of Oligotoma aaundersii : A, the 
wing ; B, outline of the wing, showing uervure^. 
(After Wood •Mason.) 1, Costal; 2, suixiostal ; 3, 
radial ; 4, discoidal ; 5, anal nervure. 


The wings in Embiidae are very peculiar ; they are extremely 
* Bull. Soe. FhiUm. (7) ix. p. 33. 
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flimsy, and the nervures are ill-developed; stripes of a darker 
brownish colour alternate with pallid spaces. We figure the an- 
terior wing of Oligotoma aaundersii, after Wood-Mason ; but should 
remark that the neuration is really less definite than is shown 
in these figures ; the lower one represents Wood-Mason’s inter- 
pretation of the nervures. He consider ^ that the brown bands 
mark the original courses of veins which have long since dis- 
appeared.” A similar view is taken by Bedtenbacher/^ but at 
present it rests on no positive evidence. 

One of the most curious features of the external structure 
is the complex condition of the thoracic sternal sclerites. Tliese 
are shown in Fig. 223, representing the under -surface of an 
Emhia of uncertain species recently brought by Mr. Bateson 
from Andalusia. 

According to Grassi^ there are ten pairs of stigmata, two 
thoracic and eight abdominal; these are connected by longi- 
tudinal and transverse tracheae into a single system. The 
ganglia of the ventral chain are, one suboesophageal, three thor- 
acic, and seven abdominal ; these are segmentally placed, except 
that there is no ganglion in the fifth alxlominal segment. Tliere 
is a stoniato- gastric system but no "sympathetic.” Salivary 
glands are present. The stomodacal portions of the alimentary 
canal are remarkably capricious; the stomach is elongate ami 
slender, without diverticula ; the Malpighian tulx?s are elongate 
and slender ; they vary in number with the age of the individual, 
attaining that of twenty in the adult. The ovaries are arranged 
somewhat after the fashion of tho.se of Jafyx^ there being in 
each five short egg-tutes, oi)ening at equal intervals into a 
straight duct. The testes are remarkably large ; each one con- 
sists of five masses of lobules, and has a large vesicula seminalis, 
into the posterior part of which there ojMjn the ducts of two 
accessory glands. The large joint of the front tarsus includes 
glands whose secretion escapes by orificels at the tips of certain 
setae interspersed between the short spines that are placed on 
the sole. 

Species of this genus occur in the Mediterranean region, but 
their cl)^racters have not yet been examined. Our information 

^ P. Zool, Hoc. London^ 1883, p. 628. 

* Ann. Hofmuc, Wien, i. 1886, p. 171. 

* AUi Ace. Qioenia, vii. 1898. 

von V 2 A 
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as to these is chiefly to be found in Grassi’s work The two 
species studied by him w*ere wingless. Tliey live under stones, 
where they spin webs by means of the front feet, whose first 
joint is, as we have said, enlarged and contains glands; the 
Insect uses the webs as a means of support in progression, acting 
on tliem by means of papillae and a comb-like structure placed 
on the four posterior feet. 

Grassi informs us that these Insects are not uncommon under 
stones in Catania ; they require moisture as well as warmth, but 
not too much; sometimes there is only one individual found 
under a stone, at others eight or ten. In the winter and spring 
their, galleries are found on the surface of the earth, but in 
the liot months of summer they secure the requisite amount 
of moisture by sinking their galleries to the depth of ten or 
fifteen centimetres. Their food consists chiefly of vegetable 
matter. They may Ik) reared with case in glass vessels. Other 
species of tlie family attain wings ; the details of the process are 
not well known. Oligotoma michaeU (Fig. 222) was discovered 
in a hothouse in London among some orchid roots brought from 
India, and was found in more than one stage of development ; 
tlie young greatly resemble the adult, except in tlie absence of 
wings, A nymph-form is described by M'Lachlan ^ as possess- 
ing wings of intermediate length, and Hagen lias suggested that 
this supposed nymph is really an adult female with short wings. 
If this latter view correct, nothing is known as to the mode 
of development of wings in the family. It is still uncertain 
whether female Embiidae ever possess winga Wood-Mason and 
Grassi have shown that there are wingless females in some species, 
and we know that there are winged males in othens, but wliat the 
usual relation of tlie sexes may bo in this respect is quite uncer- 
tain. These Insects have lieen detected in various parts of the 
world. In the Sandwich Islands Oligotoma hisularis was dis- 
covered by the Rev. T. Blackburn in the wood and thatch form- 
ing the roofs of natives' houses. A species has been found in 
Prussian umber, and Grassi thinks that Emhia solieri — one of 
the Mediterranean species — is not to he distinguished Avith cer- 
tainty from the Insect found in amber. 

Embiidae still remains one of the most enigmatic of the 
families of Insects. Although Grassi’s recent observations are 
’ J. Linn. Soc. Zool. xiii. 187S, pi. xxi. f. 2. 
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of great value from an anatomical jwint of view, they rather add 
to, than diminish, the difhculties we encounter in endeavouring 
to understand the lives of these obscure creatures. Tliat 
Embiidae form webs has long been known, and it was thought 
by some that the webs, like those of spiders, might be of assist- 
ance in procuring food. We may, however, infer from Cfrassi's 
observations that this is not the case, but that th«^ silken tunnels 
or galleries — as he calls them — serve chiefly as a nu'ans of 
locomotion and protection, the feet of the Insects being liighly 
modified in conformity with this mode of life. (Irassi seems 
to be of opinion that the galleries are also ustd’ul in preserving 
a proper degi-ee of humidity round the Insect.s. We have 
already alluded to the mystery that surrounds the mode of 
growth of their wings. Nearly all that is known as to the 
Embiidae is contained in (Jrassi’s paper, or is referred to in 
Hagen’s monograph of the family.^ 

(Considerable difTerence of opinion has prevailed as to the 
allies of thes3 obscui'e Insects. It would seem that they 
are most nearly allied to Termitidim and rsocitlne. Grassi, 
however, considers these Jifhnities only remote, and suggests tliat 
Embiidae should form a separate Order, to be })laceil in a su])ei - 
Order Orthoptera, which would include our Aptera, the two 
families mentioned above, Mallophaga, Embiidae, and the ordi- 
nary Orthoptera. Brauer places the family in his Orthoptera 
genuina. 

’ Canculian ^ntomologisi, xvii. 1885, throughout. 



CHAPTER XVI 


KBTJBOPTEKA CONTtlfVEI) — ^TEHMITIDAE, TKBM1TK8 OR WHITE ANTS 

FanL m. Tennitidae— White Ants, Termites. 

Ewh species is social, and consists of winged and wingless indi- 
viduals. Tike four icings are, in repose, laid Jlat on the 
hack, sfj that the upper one only is seen except just at the 
bases ; they are membranous and very elongate, so that they 



Fia. 226.’-Term€8 {Hodotervm) mossamhicus, Wiuged adult. (After Hagen.) 


extend far beyond the apex of the abdomen ; the hind 2mir 
is remarkably similar in size, form, and consistence to the 
front pair : near the base of each wing there is a suture, 
or line of weakness, along which the wings can be broken off, 
the stumps in that case remaining as short horny flaps re- 
jmsing on the back. Ligula channelled but not divided into 
t%vo parts. The wingless individuals are very numerous, and 
have the head and thirteen body segments distinct; the body 
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is terminated by a pair of short ecrcL The metamorphosis 
is slight ami gradual, and in some uidividuals is dispensed 
with. 

The term White Ants has been so long in use for the Termitidae 
that it appears almost hopeless to replace it in popular use by 
another word. It has, however, always given rise to a great 
deal of confusion by leading people to suppose that white ants 
cliffer chiefly from ordinary ants by their colour. This is a most 
erroneous idea. There are scarcely any two divisions of Insects 
more diflerent than the white ants and the ordinary ants. The 
two groups have little in common excrept that both liave a social 
life, and that a very interesting analogy exists between the forms 
of the workers and soldiers of these two dissimilar Orders of 
Insects, giving rise to numerous analogies of habits. The word 
Termites — pronounced as two syllatJes — is a less objectionable 
name for these Insects than white ants. 

The integument in Termites is delicate, and the chitinous 
pistes are never very hard ; frequently they are so slightly 
developed that the creature appears to consist of a single mem- 
branous Stic with creases in it, the head alone Inniig very distinct. 
The head is exserted, frequently of large 
size, sometimes as large as all the rest 
of the bcjdy together. Termites may 
1x3 quite blind, or possess fiicetted and 
simple eyes, the latter when present 
l)eing two in number and always accom- ^ 

imnied l»y facettewl eyes. The antennae no. -Term, mhccw,. 
are simple, consisting of from nine to Lahhim, A, maxilla, B, of 

1*^ ^ A. wiiiawl ailwlt ; lower laee of 

thirty - one joints, which diner but (AUer Hagen.) 

little from one unotlier ; the nuiiiljer in 

each individual increases as the development progresses. The 
parts of the mouth are large, the ligula consists of one piece 
(Fig. 226, A), but often has the appearance of being formed by 
two united pieces; on its extremity are seated two pairs of 
lolies. 

TJie head is articulated to the thorax by means of two very 
large cervical sclerites on each side, placed at right angles to one 
another, and visible on the under-surface. The prothorax is 
well developed and distinct from the parts behind it. The pro- 
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notum, of variable form and size, is very distinct in the perfect 
Insects ; with it are connected the largely developed pleura. The 
episternum is very peculiar, consisting of an elongate chitinous 
slip on each side hanging downwards, the two not quite meeting 
in the middle; they thus form the margin of the very large 
anterior orifice, and are in contiguity with the cervical sclerites ; 
behind them are the very large epimera. The prosternum 
appears to be usually entirely membranous ; in some cases the 
sclerite in it is small and delicate, and apparently differs accord- 
ing to the species. The meso- and meta-thorax are sub-equal 
in size ; the mesosternum forms a peculiar, large, adpressed fold. 
The metasternum is membranous, but is terminated behind by 
a sclerite apparently of variable form. The hind body is volumi- 
nous, simple in form, consisting of ten segments and bearing at 
the extremity two short distant cerci of a variable number of 
joints. The terminal ventral sclerites differ greatly in form 
according to the species and sometimes according to the sex; 
there are sometimes, if not always, present near the extremity 
two peculiar minute biarticulate styles, called appendices anales. 
The coxae are all large, free, and exserted ; at the base of each 
is a transverse trochantin. The femora are articulated with 
the trochanters, not with the coxae; both femora and tibiae 
are slender, the tarsi small, four - jointed ; the terminal joint 
elongate. 

It is now well established that Termites have a means of 


communication by sounds. The individuals have a peculiar way 



Fio. 227. — Front tibia and tarsus of 
Calotermea rugosua larva, showing 
auditory organ. x 00. (After F. 
Mliller.) 


of jerking themselves, as has 
been frequently noticed by 6b- 
servers of the Insects ; these con- 
vulsive movements may possibly 
1)6 connected with the production 
of sound, which may perhaps be 
evoked by contact between the 
back of t<h6 head and the pro- 


notum ; the exact mode by which the sounds are produced is not. 


however, known. The existence of an auditory organ in the 
front tibia has been demonstrated by Fritz Miiller,^ and we 


reproduce (Fig. 227) one of his figurea The structure seems to 


’ Jtna, Zeit$Ar. Naiurw. ix. 1876, pi. xii. See also Stokes iu Seienee, zxiL 
1893, p. 273. 
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be in plan and position similar to the ear of Locustidae, 
though much less perfect. 


The wings of Termitidae are not like those of any other 
Insects; their neuration is very simple, but nevertheless the 


wings of the different 
forms exhibit great differ- 
ences in the extent to 
which they are made up 
of the various fields. This 
is shown in Fig. 228, 
where the homologous 
nervures are numbered 
according to the systems 
of both Hagen and Bed- 
teiibacher. The area, VI I, 
that forms the larger part 



of the wing in C, corre- 
sponds to the small portion 
at the base of the wing 
in B. The most re- 
markilble feature of the 


Fro. 228. — Wings of Termites : A* Termes htcifugus; 
B, Hodotennea brun7ieicomut ; C| Calotermes 
7iodulo8U8, (After Redtenbacher : B and C 
diagrammatic.) Ill, V, VII, homologous areas 
and nervures according to Redtenbacher. 1, 
Costal ; 2, sulicostal ; 3, median ; it submediaii 
nervures according to Hagen. 


wing is, however, its division into two parts by a suture or line 
of weakness near the base, as shown in Fig. 225. The wings 
are used only for a single flight, and are then shed by detach- 
ment at this suture ; the small basal portion of each of the four 
wings is horny and remains attached to the Insect, serving as 
a protection to the dorsal surface of the thorax. 

The nature of the suture that enables the Termites to cast 


their wings with such ease after swarming is not yet understood. 
There are no true transverse veinlets or nervules in Termites. 
Bedtenbacher suggests ' that the transverse division of the wing 
at its base, as shown in Fig. 225, along which the separation of 
the wing occurs at its falling off, may have arisen from a coales- 
cence of the subcostal vein with the eighth concave vein of such 
a wing as that of Blattidae. The same authority also informs us 
that the only point of resemblance between the wings of Termi- 
tidaq^ and those of Psocidae is that both have an unusually small 
number of concave veins. 

The information that exists as to the internal anatomy of 


^ Ann. ffqfmus, Wimt i. 1886, p. 183. 
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Temites is imperfect, and refers, moreover, to different spedes ; 
it would appear that considerable diversity exists in many 
respects, but on this point it would be premature to generalise. 
What we know us to the respiratory system is chiefly due to 
F. Muller.' The number of spiracles is ten ; Hagen says three 
thoracic and seven abdominal, Muller two tlioracic and eight 
abdominal. In fertile queens there usually exist only six 
abdominal stigmata. There is good reason for supposing that 
the respiratory system undergoes much change correlative with 
the development of the individual ; it has been suggested that 
the supply of tracheae to the sexual organs is deficient where 
there is arrest of development of the latter. 

The alimentary canal is only of moderate length. Salivary 
glands exist, as also do salivary reservoirs ; these latter oie large, 

in some species remarkably so. The 
oesophagus is slender, but abniptly 
enlarged behind to form a large crop ; 
a proventricidus is apparently either 
present or absent; the chylitic ventricle, 
or stomach, is slender and simple. The 
Malpighian tubules are very long ; their 
number is probably from four to eight 
in the adult, and in the earlier stages 
less. Behind the tuljes the alimentary 
canal forms a large paunch, and after 
this there is a small intestine and 
rectum. The paunch is a peculiar 
structure, and probably of great import- 
ance in the economy ofiDerraites. 

These creatures emit minute quanti- 
Fio. 229.-He«l and nihnentary ties of a secretion that is corrosive, and 

canal of Tam** iwjfvgut cau act Oil metal and even glass ; * its 
(nymph), n, head ; b, salivary , , i i i i 

glands ;<!,8aUvary receptacle*; nature and source are not understood. 

< crop ; a, ^mach ; /, totes- Hageu describes peculiar structures in 
tinal paimch; g, small, K . . , . , , • • v is 

large intestine ; t, MaipigM an the rectuin to which he IS inclined ” 

fiito tody. jjQ ascribe the origin of this substance, 

' r n our.i but this is Very Uncertain. 

The brain is small ; the infra-oesophageal ganglion is placed 

* Jena. Naiurvo. ix. 1878, p. 267. 

Bidie, in Nature, xxtL 1882, p. 8.48. * LbMMM Eniomdogica, xii. 1858, p. 309. 
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immediately under the supra-oesophageal ; there are three thoracic 
and six abdominal ganglia. The nervous system apparently 
differs but little in the various forms, or in the different stages 
of life, except that in the fertile females the abdominal ganglia 
become so mucii enlarged that they even exceed the brain in size. 

The testes are unusually simple ; eac^h consists of eight capsules 
opening into the vas deferens ; the two vasa converge and are 
continued as a short ejaculatory duct ; at the point of convergence 
there is a pair of curled vesiculae seminales. 

The ovarian system is also simple ; there is a variable number 
of elongate egg-tubes, each of which opens separately into the 
oviduct ; the two ducts unite to form a short uterus, on which 
there is placed first a spermatheca, and near the extremity a 
convolute tubular sebific gland. The number of egg- tulles is 
subject to extraordinary variation, according to the species, and 
according to the age of the fertilised individual. 

Social Life. — ^Termites live in communities that consist 
sometimes of enormous numbers of individuals. The adult forms 
found in a community are (1) workers; (2) soldiei’s; (3) winged 
males and females; (4) some of these winged forms that have 
lost tneir wings. Some species have no worker caste. The 
individuals of the third category are only present for a 
few days and then leave the nest in swarms. In addition 
to the adult individuals there are also present various 
forms of young. The individuals that have lost their wings 
are usiially limited to a single pair, king and queen ; 
tlicre may be more than one king and queen, but this is not 
usual. The king and queen may be recognised by the stumps 
of their cast wings, which exist in the form of small triangular 
pieces folded on the back of the thorax (Fig. 235). The con- 
tinuance of the community is effected entirely by the royal pair ; 
they are the centres of activity of the community, which is thrown 
into disorder when anything happens to them. Usually the pair 
are physically incapable of leaving the nest, especially the queen, 
and frequently they are enclosed in a cell which they cannot leave. 
In consequence of the disorganisation that arises in the com- 
munity in the absence of a royal pair, Termites keep certain 
individuals in such a state of advancement that they can rapidly 
1)6 developed into royalties should occasion require it. These 
reserve individuals are called complementary by Grass! ; when 
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they become royalties they are usually immature as regards 
the condition of the anterior parts of the body^ and are then 
called by Grass! and others neoteinic, as is more fully explained 
on p. 380. 

Swarms. — As a result of the Termite economy large 
numbers of superfluous individuals are frequently produced; 
these, in the winged state, leave the community, forming swarms 
which are sometimes of enormous extent, and are eagerly preyed 
on by a variety of animals including even man. Hagen has 
given particulars^ of a swarm of T. jlavijies in Massachusetts, 
where the Insects formed a' dark cloud ; they were accompanied 
by no less than fifteen species of birds, some of which so gorged 
tliemselves that they could not close their beaks. 

There is but little metamorphosis in Termitidae. Young 
Tennites are very soft; they have a thin skin, a dispropor- 
tionately large head, and are of a peculiar white colour as if 
filled with milk. This condition of milkincss they retain, not- 
withstanding the changes of form that may occur during their 
growth, until they are adult. The wings first appear in the 
form of prolongations of the meso- and meta-nota, which increase 
in size, the increment probably taking place at the moults. The 
number of joints of the antennae increases during the develop- 
ment; it is effected by growth of the third joint and subsequent 
division thereof; hence the joints immediately beyond the 
second are younger than the others, and are usually shorter and 
altogether more imperfect. The life-histories of Termites have 
been by no means completely followed ; a fact we can well under- 
stand when we recollect that these creatures live in communities 
concealed from observation, and that an isolated individual cannot 
thrive ; besides this the growth is, for Insects, unusually slow. 

Natural History. — The progress of knowledge as to Ter- 
mites has shown that profound difterences exist in the economy 
of different species, so that no fair general idea of their lives can 
bo gathered from one species. We will therefore briefly sketch 
the economy, so far as it has l^een ascertained, in three species, 
viz. Calotermes Jtavicollis, Termes lucifugus, and T. bellicosus, 

Calotermes Jlavicollis inhabits the neighbourhood of the 
Mediterranean Sea; it is a representative of a large series of 
species in which the peculiarities of Termite life are exhibited 
’ P. Boston Soc. XX. 1878, p. 118. 
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in a comparatively simple manner. There is no special caste of 
workers, consequently such work as is done is carried on by the 
other members of the community, viz. soldiers, and the young 
and adolescent. The habits of this species have recently been 
studied in detail in Sicily by Grass! and Sandias.* The Insects 
dwell in the branches and stems of deling or even dead to'es, 
where they nourish themselves on those parts of the wood in 
which the process of decay is not far advanced ; they live in ll»e 
interior of the stems, so that fretiuently no sign of them can be 
seen outside, even though they may 
be heard at work by applying the 
ear to a branch. Tliey form no 
special habitation, the interior of 
the branch being sufficient protec- 
tion, but they excavate or increase 
the natural cavities to suit their 
purixises. It is said that they 
line the galleries with proctodaeal 
cement ; this is doubtful, but they 
form '^barricjides and partitions 
where ’ necessary, by cementing 
together tlie proctodaeal products 
with matter from the salivary 
glands or regurgitated from the 
anterior parts of the alimentary 
canaL The numbers of a com- 
munity only increase slowly and remain always small ; rarely do 
tliey reach 1000, and usually remain very much lielow this. The 
king and queen move about, and their family inci’eases but slowly. 
After fifteen months of their union they may lie surrounded by 
fifteen or twenty young ; in another twelve months the number 
may have increased to fifty, and by the time it has retu?hed some 
five hundred or upwards the increase ceases. This is due to the 
fact that the fertility of the queen is at first progressive, but 
ceases to be so. A queen three or four years old prodm;es at 
the time of maximum production four to six eggs a day. When 
the community is small — during its first two years — the winged 
individuals that depart from it are about eight or ten annually, 
but the numbers of the swarm augment with the increase of the 
I ' AUi Aec. Gioen, vi. and vii. 1893 and 1894. 



Fia. 230, — Some individuals of Calw 
terms fiameUlis: A, nymph with 
pailially grown wing - pads ; B» 
adult soldier ; C, adult winged in- 
dividual. (After 6ra.s.si.) 
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population. The growth of the individuals is slow ; it appears 
that more than a 7 ear elapses between the hatching of the egg 
and the development of the winged Insect. The soldier may 
complete its development in less than a year ; the duration of its 
life is not known ; that of the kings and queens must be four or 
dve years, probably more. After the winged Insects leave the 
colony they associate themselves in pairs, each of which should, 
if all goes well, start a new colony. 

The economy of Termes. lueifugut, the only European Termite 
besides Calotermea fiavieollis, has been studied by several 
observers, the most important of whom are Lesp^s ^ and Grass! 
and Sandias. This species is much more advanced in social life 
than Calotermea is, and possesses both workers and soldiers 
(Fig. 231, 2, 3); the individuals are much smaller than those of 
Calotermea. Burrows are made in wood of various kinds, furni- 
ture being sometimes attacked. Besides making, excavations 
this species builds galleries, so that it can move from one object 
to another without being exposed; it being a rule — subject to 
certain exceptions — that Termites will not expose themselves 
in the outer air. This is probably due not only to the 
necessity for protection against enemies, but also to the fact 
tliat they cannot bear a dry atmosphere ; if exposed to a drying 
air they speedily succumb. Occasionally specimens may be seen 
at large ; Grass! considers these to be merely explorers. Owing 
to the extent of the colonies it is difficiilt to estimate with 
jMJCuracy the numlwr of individuals composing a community, but 
it is doubtless a great many thousands. Grass! finds the economy 
of this species in Sicily to be different from anything that has 
Iieen recorded as occurring in other species ; there is never a true 
royal pair. He says that during a period of six years he has 
examined thousands of nests without ever finding such a pair. 
In place thereof there are a considerable number of complementary 
queens — that is, fenmles that have not gone through the full 
(levelopment to perfect Insects, but have been arrested in various 
stages of development. In Fig. 231, Nos. 4 and 5 show two of 
these abnormal royalties; No. 4 is comparatively juvenile in 
form, while No. 5 is an individual that has been substituted in 
an orphaned nest, and is nearer to the natural condition of perfect 
development. We have no information as to whether any develop- 
* Ann. Sei, Nat. Zool. (4) r. 1856, p, 327. 
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ment goes on in Ihese indiTiduals after the state of royalty is 
assumed, or whether the differences between these neoteinic queens 
are due to the state of development, they may happen to be in 
when adopted as royalties. Kings are not usually present in 
these Sicilian nests; twice only has Qrassi found a king, but 



Flu. 231.»Some of the forma of TermeB ludfugua. 1, Young larva ; 2, adult worker ; 
8, soldier ; 4, young complementary queen ; 5, older substitution queen ; 6, per- 
fect winged Insect. (After Qrassi.) 

he thinks that had he lieen able to search in the months of 
August and September he would then have found kings. It 
would Appear therefore that the complementary kings die, or are 
killed after they have fertilised the females Parthenogenesis 
is not thought to occur, as Grassi has found the spermathecae of 
the complementary queens to contain spermatozoa. 
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The i)erio(l of development apparently occupies from eighteen 
to twenty-three months. At intervals swarms of a great number 
of winged individuals leave the nest, and are usually promptly 
eaten up by various animals. After swarming, the wings are 
thrown off, and sometimes two specimens or three may be seen 
running off together ; this has been supposed to be preliminary 
to pairing, but Grassi says this is not the case, but that the 
object is to obtain their favourite food, as we shall mention 
subsequently. 

Although these are the usual habits of Termes lucAfiigm at 
present in Sicily, it must not be concluded that they are invari- 
able; we have in fact evidence to the contrary. Grassi has 
himself been able to procure in confinement a colony — or rather 
the commencement of one — imcompanied by a true royal pair ; 
while Perris has recorded^ that in the Landes he Irecpiently 
found a royal pair of T, luciftigus under, chips; they were 
accompanied in nearly every case by a few eggs. And Ihxifessor 
Perex has recently placed a winged pair of tliis species in a box 
with some wood, with the result that after some months a young 
colony has been founded. It appears probable therefore tluit 
this species at times establishes new colonies by means of royal 
pairs derived from winged individuals, but after their establish- 
ment maintains such colonies as long as possible by means of 
complementary queens. It is far from improbable that distiiui- 
tions as to tlie use of true and complementary royalties may bo 
to some extent duo to climatic conditions. In some localities 

lurifugus has multiplied to such an extent as to be very 
injurious, while in others where it is found it has never been 
known to do so. 

The Terniitidae of Africa are the most remarkable that have 
yet been discovered, and it is probably on that continent that the 
results of the Termitid economy have reached their climax. Our 
knowledge of tlie Termites of tropical Africa is chiefly due to 
Smeathman, who has described the habits of several species, 
among them T. bdlicosus. It is more than a century since 
Smeathman travelled in Africa and read an account of the 
Termites to the Royal Society.^ His information was the first 
of any importance about Terniitidae that was given to the 
world; it is, as may be well miderstood, deficient in many 
^ Ann, Soc, enl. France (5), vi. 1870, p. 201. * Phil Trans, Ixxi. 1781, pp, 139-192. 
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details, but is nevertheless of great value. Though his state- 
ments have been doubted they are truthful, and have been 
confirmed by Savage.^ T. hdlicosus forms buildings compar- 
able to human dwellings ; some of them being twenty feet in 
height and of great solidity. In some parts of West Africa 
these nests were, in Smeathman’s time, so numerous that they 
had the appearance of villagea Each nest was the centre of 
a community of countless numbers of individuals ; subter- 
ranean passages extended from them in various directions. The 
variety of forms in one of these communities has not been well 
ascertained, but it would seem that the division of labour is 
carried to a great extent. The soldiers are fifteen times the size 
of the workers. The community is dependent on one royal 
couple. It is the opinion of the natives that if that couple perish 
so also does the community; and if this be correct we may 
conclude that this species has not a perfect system of replacing 
royal couples. The queen attains an almost incredible size 
and fertility. Smeathman noticed the great and gradual growth 
of the abdomen, and says it enlarges " to such an enormous size 
that an old queen will have it increased so as to be fifteen 
hundred or two thousand times the bulk of the rest of her body, 
and twenty or thirty thousand times the bulk of a labourer, as 
I have found by carefully weighing and computing the different 
states.” He also describes the rate at which the eggs are pro- 
duced, saying that there is a constant peristaltic movement ^ of 
the abdomen, *'so that one part or other alternately is rising 
and sinking in perpetual succession, and the matrix seems never 
at rest, but is always protruding eggs to the amount (as 1 
have frequently counted in old queens) of sixty in a minute, or 
eighty thousand and upward in one day of twenty-four hours.” 

This observer, after giving an account of the great swarms of 
perfect winged Insects that are produced by this species, and after 
describing the avidity with which they are devoured by the 
Hymenopterous ants and other creatures, adds : " I have discoursed 
with several gentlemen upon the taste of the white ants ; and on 
comparing notes we have always agreed that they arc most 

1 Ann, Nat. Hid. (2) v. I860, p. 92. 

^ Dr. G. D. Haviland informs the writer that he thinks it probable this so-called 
peristaltic movement is merely the result of alarm ; he has not, however, had any 
opiK>rtiinity of observing T. hdlicmus. 
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delicious and delicate eating. One gentleman compared them to 
sugared marrow, another to sugared cream and a paste of sweet 
almonds.” 

From the preceding brief sketch of some Termitidae we may 
gather the chief points of importance in which they differ from 
other Insects^ viz. (1) the existence kr^the community of in- 
dividuals — ^workers and soldiers — ^which do not resemble their 
parents; (2) the limitation of the reproductive power to a single 
pair, or to a small number of individuals in each community, and 
the prolongation of the terminal period of life. There are other 
social Insects besides Termitidae : indeed, the majority of social 
Insects — ants, bees, and wasps — belong to the Order Hymen- 
optcra, and it is interesting to note that analogous phenomena 
occur in them, but nevertheless with such great differences that 
the social life of Termites must be considered as totally distinct 
from that of the true ants and other social Hymenoptcra. 

Development. — Social Insects are very different to others not 
only in the fact of their living in society, but in respect of 
peculiarities in the mode of reproduction, and in the variety of 
habits displayed by meml)er3 of a community. Tlie greatest 
confusion has arisen in reference to Termitidae in consequence 
of the phenomena of their lives having been assumed to be 
similar to those of Hymenoptera; but the two cases are very 
different, Hymenoptera passing the early parts of their lives as 
helpless maggots, and then undergoing a sudden metamorphosis to 
a totally changed condition of structure, intelligence, and instinct. 

The development of what we may look on as the normal form 
of Termitidae — that is, the winged Insects male and female — is 
on the whole similar to that we have sketched in Orthoptera ; the 
development in earwigs being perhaps the most similar. The 
individuals of Termitidae are, however, in the majority of cases 
if not in all, bom without eyes; the wing-rudiments develop 
from the thoracic terga as shorter or longer lobes according to 
the degree of maturity ; as in the earwigs the number of joints 
in the antennae increases as development advances. All the young 
are, when hatched, alike, the differences of caste appearing in the 
course Df the subsequent development; the most important of 
these differences are those that result in the production of two 
special classes — only met with in social Insects — viz. worker 
* and soldier. Of these the workers are individuals whose develop- 
VOL. V 2 b 
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meat is arrested, the sexual organs not going on to their full 
development, vrhile other organs, such as the eyes, also remain 
undeveloped ; the alimentary canal and its adjimcts occupy nearly 
the whole of the abdominal cavity. The adult worker greatly 
resembles — except in size — the young. Grassi considers that the 
worker is not a case of simple arrest of development, but that 
some deviation accompanies the arrest. 

The soldier also suffers an arrest of development in certain 
respects similar to the worker ; but the soldier differs in the im- 
portant fact that the arrest of the development of certain parts 
is correlative with an extraordinary development of the head, 
which ultimately differs greatly from those of either the worker 
or of the sexual males and females. 

Soldier. — All the parts of the head of the soldier undergo a 
greater or less change of form; even 
the pieces at its base, which connect 
it by means of the cervical sclerites 
with the prothorax, are altered. The 
parts that undergo the greatest modi- 
fication are the mandibles (Fig. 23^3, 
B) ; these become much enlarged in size 
and so much changed in form that in 
a ' great many species no resemblance 
to the original shape of these organs 
can be traced, It is a curious fact tliat 
the specific characters are betterexpressed 
in these superinduced modifications than 
they are in any other pirt of the 
organisation (except, perhaps, the wings). 
The soldiers are not alike in any two 
species of Termitidae so far as we 
know, and it seems impossible to ascrilie 
the differences that exist lietweeu the 
soldiers of different species of Termitidae 
to special adaption for the work they 
have to perform. Such a suggestion is 
B, of' soMier ; C, of winged justifiable only in the case of the Nasuti 
male , D, of winged female, 234, 1), where the front of the head 

is prolonged into a point : a duct opens at the extremity of 
this point, from which is exuded a fluid that serves as a cement for ' 



Fig. 233.— The pairs of luamli- 
bles of ditferent adult indi- 
viduals of Temies sp. from 
Singapore. Of worker ; 
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constructing the nest, and is perhaps also used to disable enemies. 
Hence the prolongation and form of the head of these Hasuti may 
be fairly described as adaptation to useful ends. As regards the 
great variety exhibited by other soldiers — and their variety is 
much greater than it is in the Nasuti — it seems at present im- 
possible to treat it as being cases of special ailaptations for useful 
purposes. On the whole it would be more correct to say 



Pig. 234. — Soldiers of different species of Termites. (After Hagen.) 1, Termes armiger: 
2, T. (Hnis; 3, CalntermeH flux' icdlia ; 4, T. bellwosus; 5, T. occukntis; 6, T, 
cingulatns{'!) ; 7, JJodolermes quadricoUis [t) ; 8, T, debUis (t)^ Brazil. 

that the soldiers are very di.s8imilar in spite of their having to 
perforin similar work, than to state that they are dissimilar in 
(•onformity with the difterent tasks they carry on. 

The Termite soldier is a phenomenon to which it is difficult 
to find a parallel among Insects. The soldier in the true ants 
is usually not definitely distinguished from the worker, but it is 
possible that in the leaf-cutting ants, the so-called soldier may 
prove to be more similar in its nature to the Termite soldier. 

• The soldiers of any one species of Termite are apparently ex- 
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treinely similar to one another, and there are no intermediates 
between them and the other forms, except in the stages of 
differentiation. But we must recollect' that but little is yet 
known of the full history of any Termite community, and it is 
possible that soldiers which in the stage of differentiation promise 
to be unsatisfactory may be killed and eaten, — ^indeed there is some 
evidence to this effect. There is too in certain cases some difference 
— ^larger or smaller size being the most important — ^between the 
soldiers of one species, which may possibly be due to the different 
stage of development at which their differentiation commenced. 

It would at present appear that, notwithstanding the remark- 
able difference in stnrctnre of the soldiers and workers of the 
white ants, there is not a corresponding difference of instinct. 
It is true that soldiers do more of certain things than workers 
do, and less of others, but this appears to be due solely to theii’ 
possession of such very different structures; and we are repeatedly 
infonned by Grassi that all the individuals in a community take 
part, so far as they are able, in any work that is going on, and 
we find also in the works of other writers accounts of soldiers 
performing acts that one would not have expected from them. 
The soldiers are not such effective combatants as the workers aie. 
Dudley and Beaumont indeed describe the soldiers as merely look- 
ing on while the workers fight.^ So that we are entitled to con- 
clude that the actions of the soldiers, in so far as they differ from 
those of the rest of the community, do so because of the different 
organisation and structures of these individuals. We shall, when 
speaking of foo<l, point out that the condition of the soldier in 
relation to food and hunger is probably different from that of 
the other forms. 

Various Fomu of a Oommunity. — The soldiers and workers 
are not the only anomalous forms foimd in Termitid communi- 
ties ; indeed on examining a large nest a variety of forms may 
be found that is almost bewildering. Tables have been drawn 
up by Grassi and others showing that as many as fifteen kinds 
may he found, and most of them may under certain circumstances 
coexist. Such tables do not represent the results of actual 
examination in any one case, and they by no means ade- 
quately represent the number that, according to the most recent 
observations of Grassi, may be present ; but we give one taken 
* 2V. A*. Twk Ae. Tiii. 1889, pp. 86-114 ; and iz. 1890, pp. 167-180. 
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from Grasei, as it conveys some idea of the nunierons forms that 
exist in certain communities. In this table the arrangement, 
according to A, B, C, D, £, represents successive stages of the 
development ; — 


Form of Tmm (After Graasi.) j^l. Ans. xii. 1889, ]). 380. 

1. Young, undilferenttatorl larvan. 


1 ) 




n 


K 


2. Larvae that Avill 
not mature the sexual 
ui'gans. 


5. lAirvae of 6. Larvae of 
soldiers. workers. 


7. Soldiers. 8. Workers. 


8. Larvae tliat will 4. lleserves for royal Rpecimens; 

mature the sexual (only present when 14, 18, and 11 

organs. are Shunting, nr when 1 4 and 1 5 are 

I present in insutllcient numbers). 


9. Nymphs of the 10. Nyninhs of 

tirst form. the second form. 


12. winged IS. llelervc 

Insects. royal pairs? 


11. lleserves for 
vi>yal pairs (tmly 
present when 14, 
I.S, and 4 are want> 
ing, or when the 
two lattrfir are 
present in iiiHutti* 
ciciit iiumbors). 


14. True royal 
couple. 


15. SnhRtj 


itution 


royal pairs. 


On inspecting this tiible it will be perceived that the variety of 
forms Is due to three circumstances — (1) the existence of castes 
that are not present in ordinary Insects; (2) the coexistence of 
young, of adolescents, and of adults ; and (3) the habit the Termites 
liave of tampering with forms in their intermediate stages, the 
result of which may be the substitution of neoteinic individuals in 
place of winged forms. 

This latter procedure is for from being completely understood, 
but to it are probably due the various abnonuH,l forms, such as 
soldiers with rudiments of wings, that have from time to time 
been discovered in Termite communities, and have given rise to 
much perplexity. 

In connexion with this subject we may call attention to the 
necessity, when examining Termite nests, of taking cognisance 
of the fact that more than one species may be present. Iktes 
found different Termites living together in the Amazons Valley, 
and Mr. Haviland has found as many as five species of Teriiiitidae 
and three of true ants in a single mound in South Africa. In 
this latter case observation showed that, though in such close 
proximity, there was but little further intimacy between the 
^ species. There are, however, true inquiline, or guest, Termites, 
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of the genus Eutermes, /ound in various parts of the world living 
in the nests of other Termitjdae. 

. Origin of the Forins. — -The interest attaching to the various 
forms that exist in Termites, ^ore particularljr to the worker and 
soldier, is evident when we recollect that these never, so far as 
we know, produce young. In the social Hymenoptera it has 
been ascertained that the so-called neuters (which in these 
Insects are always females) can, and occasionally do, produce 
young, but in the case of the Termites it has never been sug- 
gested that the sexual organs of the workers and soldiers, whether 
male or female, ever become fruitful ; moreover, the phenomena 
of the production of young by the white ants are of such a nature 
as to render it in the highest degree improbable that either 
workers or soldiers ever take any direct part in it. Now the 
soldier is extremely different from the sexual individuals that 
produce the young, and seeing that its peculiarities ai'e not, in 
the ordinary sense of the word, hereditary, it must be of great 
interest to ascertain how they arise. 

Before stating the little information we possess on this sub- 
ject, it is necessary to reiterate what we have already said to the 
effect that the soldiers and workers are not special to eitlier sex, 
and that all the young are born alike. It would be ver)' natiu'al 
to interpret the phenomena by supposing the workers to be 
females arrested in their development — as is the cose in social 
Hymenoptera — and by supposing the soldiers to be males with 
arrested and diverted development. 

The observations already made show that this is not the cose. 
It has been thoroughly well ascertained by Lesp^s and Pritz Muller 
that in various species of Calotermes the soldiers are both males 
and females. liespcs and Grass! have shown that the workers of 
Termea lucifugus are of male and female sex, and that this is 
also true of the soldiers. Although the view of the duality of 
the sexes of these forms was received at first with incredulity, it 
appears to be beyond doubt correct. Grass! adds that in all the 
individuals of the workers and soldiers of Termes lueifugtis the 
sexual organs, either mole or female, are present, and that they 
are in the same stage of development whatever the age of the 
individual. This statement of Grassi’s is of importance because 
it seems to render improbable the view that the difference of form 
of the soldier and worker arises from the arrest of the develop- 
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tnent of their sexual organs at different periods The fact that 
sex has nothing whatever to do with the determination of the 
form of workers and soldiers may be considered to be well 
established. 

The statement that the young are all born alike is much 
more difficult to substantiate. Bates s^ that the various forms 
could be detected in the new-born. I^is statement was made, 
however, merely from inspection of the nests of species about 
which nothing was previously known, and as it is then very 
difficult to decide that a specimen is newly hatched, it is probable 
that all he meant was that the distinction of workers, soldiers, 
and sexual forms existed in very small individuals — a statement 
that is no doubt correct. Other observers agree that the yoimg 
are in appearance all alike when hatched, and Grass! reiterates his 
statement to this effect. Hence it would appear that the differ- 
ence of form we are discussing arises from some treatment subse- 
quent to hatching. It may be suggested, notwithstanding the 
fact that the young are apparently alike when hatched, that they 
are not really so, but that there are recondite differences which are 
in the course of development rendered conspicuous. This con- 
clusion cannot at present be said with certainty to be out of the 
question, but it is rendered highly improbable by the fact 
ascertained by Grass! that a specimen that is already far advanced 
on the road to lieing an ordinary winged individual can be diverted 
from its evident destination and made into a soldier, the wings 
that were partially developed in such a case I)eing afterwards 
more or less completely absorlied. This, as well as other facts 
observed by Grassi, reiidei' it probable that the young are truly, 
as well as apparently, born in a state undifferentiated except as 
regards sex. Fig. 230 (p. 363) is designed to illustrate Grassi’s 
view as to this modification; the individual A is already far 
advanced in the direction of the winged form C, but can never- 
theless 1)6 diverted by the Temites to form the adult soldier B. 

According to the facts we have stated, neither heredity nor 
sex nor arrest of development are the causes of the distinctions 
between worker and soldier, though some arrest of development is 
common to both ; we are therefore obliged to attribute the dis- 
tinction between them to other influences. Grassi has no 
hesitation in attributing the anatomical distinctions that arise 
between the soldiers, workers, and winged forms to alimentation. 
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Food, or the mode of feeding, or both combined, are, according 
to the Italian naturalist, the source of all the distinotions, 
except those of sex, that we see in the. forms of any one species 
of Termite. 

Feeding. — Such knowledge as we possess of the food-habits 
of Termitidae is chiefly due to Grassi ; it is of the very greatest 
importance, as giving a clue to much that was previously obscure 
in the Natural History of these extraordinary creatures. 

In the abodes of the Termites, notwithstanding the enormous 
numbers of individuals, cleanliness prevails; the mode by which 
it is attained appears to be that of eating all refuse matter. 
Hence the alimentary canal in Termitidae contains material of 
various conditions of nutritiveness. These Insects eat their cast 
skins and the dead bodies of individuals of the community ; even 
the material that has passed through the alimentary canal is 
eaten again, until, as we may presume, it has no further nutritive 
power. The matter is then used for the construction of their 
habitations or galleries, or is carried to some unfrequented part 
of the nest, or is voided by the workers outside of the nests ; 
the pellets of frass, i.e. alimentaiy rejectamenta, formed by 
the workers frequently betraying their presence in buildings 
wlien none of the Insects themselves are to be seen. The 
aliments of CcUotermcs flavicoHis are stated by Grassi and 
Saudias to be as follows: (1) wood; (2) material passed 
from the posterior part of the alimentary canal or regurgi- 
tated from the. anterior part; (.‘1) the matter shed during 
the moults; (4) the bodies of other individuals; (5) the 
secretion of their own salivary glands or that of their fellows ; 
(6) water. Of these the favourite food is the matter passed 
from the posterior part of the alimentary canal. We will speak of 
this as proctodaeal focnl. When a Calotermea wishes food it strokes 
the posterior part of another individual with the antennae and 
l)alpi, and the creature thus solicited yields, if it can, some 
proctcKlaeal food, which is then devoured. Yielding the proctodaeal 
food is apparently a reflex action, as it can be induced by friction 
and slight pressure of the abdomen with a small brush. The 
material yielded by the anterior part of the alimentary canal may 
be called stomodaeal product. It makes its appearance in the 
month in the form of a microscopic globule that goes on in- 
creasing in size till about one millimetre in diameter, when it is 
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either used for building or as food for another individual The 
mode of eating the ecdysial products has also been described by 
Grassi and Sandias. '^en an individual is sick or disabled it 
is frequently eaten alive. It would appear that the soldiers are 
great agents in this latter event, and it should be noticed that 
owing to their great heads and mandibles they can obtain food by 
other means only with difficulty. Since they are scarcely able to 
gnaw woodi or to obtain the proctodaeal and stomodaeal foods, 
their condition may be considered to be that of permanent 
hunger, only to be allayed by carnivorous proceedings. When 
thrown into a condition of excitement the soldiers sometimes 
exhibit a sort of Calotermiticidal mania, destroying with a few 
strokes live or six of their fellowa It is, however, only proper to 
say that these strokes are made at random, the creature having 
no eyes. The carnivorous propensities of Calotermea are ap- 
parently limited to cannibalism, as they slaughter other white 
ants {Termes lueifuguti) but never eat them. 

The salivary food is white ami of alkaline nature ; when 
excreted it makes its appearance on the upper lip. It is used 
either by otlier individuals or by the specimen that produced 
it; ill the latter case it is transferred to the lower lip and 
swallowed by several visible efforts of deglutition. The aliments 
we have mentioned are made use of to a greater or less extent by 
all the individuals except the very young ; these are nourished 
.only by saliva : they commence taking proct(xlaeal and stomo- 
dacal food before they can ejit triturated wood. 

Royal Pairs. — The i-estriction of the reproductive powers of 
a community to a single pair (or to a very restricted number of 
individuals) occurs in all the forms of social Insects, and in 
all of them it is concomitant with a prolongation of the repro- 
ductive period far exceeding what is natural in Insects. Wo are 
not in a position at present to say to what extent the lives of the 
fertile females of Tcrmitidae are prolonged, there being great diffi- 
culties in the way of observing these Insects for long periods owing 
to their mode of life ; living, as they do, concealed from view, light 
and disturbance appear to be prejudicial to them. We have every 
reasoi]; to believe, however, that the prolongation extends as a 
rule over several years, and that it is much greater than that of 
the other individuals of the community, although the lives of 
even these latter are longer than is usual in Insects ; but this 
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point is not yet satisfactorily ascertained. As regards the males 
there is reason to think that considerable variety as to longevity 
prevaila But the belief is that the royal.males of Termitidae also 
form an exception to other Insects in the prolongation of the 
terminal periods of their lives. In Hymenoptera, male in- 
dividuals are profusely produced, but their lives are short, and 
their sole duty is the continuation of the species by a single 

act. We have seen that 
Grass! is of opinion that 
a similar condition of 
affairs exists at present 
with Termes lueifugus in 
Sicily, but with this ex- 
ception it has always been 
considered that the life 
of the king Termite is. 
roughly speaking, con- 
temporaneous with that 
of the queen; it is said 
that in certain species the 
king increases in bulk, 
though not to an extent 
that can be at all com- 
pared with the queen. 

It must be admitted 
that the duration of life 
of the king has not been 
sufficiently established, for 
the coexistence of a king 
with a queen in the 
royal cell is not incon- 
sistent with the life of the king being short, and with his replace- 
ment by another. Much that is imaginary exists in the litera- 
ture respecting Termites, and it is possible that the life of the 
king may prove to be not so prolonged as has been assumed. 

Betmming to the subject of the limitation of the reproduction 
of the community to a single pair, we may remark that a priori 
one would suppose such a limitation to be excessively unfavour- 
able to the continuation of the species ; and as it nevertheless is 
the fact that this feature is almost, if not quite, without exception 



Fiq. 236. — Royal pair of Termes malayaniis from 
Singapore, taken out of royal cell. ^ A, King, 
lateral and dorsal views ; B, B, queen, dorsal and 
lateral views. Natural sizes. 
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in Insect societies, we may conclude that it is for some reason 
absolutely essential to Insect social life. It is true that there 
are in Termitidae certain partial exceptions, and these are so 
interesting that we may briefly note tliem. Wlien a royal cell is 
opened it usually contains but a single female and male, and 
when a community in which royal cells are not used is inspected 
it is usually found that here also there are present only a single 
fertile female and a single king. Occasionally, however, it 
happens that numerous females are present, and it has been 
noticed that in such cases they are not fully matured females, but 
are imperfect, the condition of the wings and the form of tlie 
anterior parts of the body being that of adolescent, not adult 
Insects. It will be recollected that the activity of a community 
of Termites centres round the great fertility ^f the female ; 
without her the whole community is, as Grassi graphically puts 
it, orphaned; and the observations of the Italian naturalist 
make it clear that these imperfect royalties are substitution 
queens, derived from specimens that have not undergone the 
natural development, but have been brought into use to meet the 
calamity of orphanage of the community. The Termites appar- 
ently Save the power of either checking or stimulating the reproduc- 
tive organs apart from other organs of the body, and they a})pear to 
keep a certain numl)er of individuals in such a condition that in case 
of anything going wrong with the queen, the reserves may be brought 
as soon as possible into a state of reproductive activity. The in- 
dividuals that are in such a condition that they can Ijecome pseudo- 
royalties are called complementary or reserve royalties, and when 
actually brought into use they become substitution royalties. It 
is not at present quite clear why the substitution royalties should b(^ 
in such excess of numbers as we have stated they were in the case 
we have figured (Fig. 236), but it may te due to the fact that wluui 
the power of the community is at a certain capacity for supporting 
young a single substitution royalty would not supply the requisite? 
producing power, and consequently the community arlopts a 
greater numl)er of the substitution forms. Termites are utterly 
regardless of the individual lives of the members of the community, 
and when the reproductive powers of the company of substitution 
royalties become too great, then their number is reduced by the 
effective method of killing and eating them. 

According to Grassi's observations, the communities of Termes 
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Imifugus are now kept up in Sicily 



Fifl. 236. — Pair of neotoinic royaltien;, taken 
from the royal chamber of Ternies mirabilis 
at Singapore by Mr. G. 1). Haviland. Hie 
queen was one of thirteen, all in a nearly 
biinilar btate. A* king ; G, queen. 


almost entirely by substitution 
royalties; the inference being 
that the age of each com- 
munity has gone beyond the 
(capacity for life of any single 
royal queen. 

The substitution royal- 
ties are, as we have said, 
called neoteinic (1/609, youth- 
ful, retVo), to belong to), be- 
cause, though they carry on 
the functions of adult Insects, 
they retain the juvenile con- 
dition in certain respects, 
and ultimately die without 
liaving completed the normal 
development. The pheno- 
menon is not quite peculiar 
to Insects, but occurs in 
some other animals having 
a well - marked metamor- 
phosis, notably in the Mexi- 
can Axolotl.^ 


A point of great importance in connexion with the neoteinic 
royalties is that they are not obtained from the instar im- 
mediately preceding the adult state, but are made from Insects 
in an earlier stage of development. The condition iminediately 
preceding the adult state is that of a nymph with long wing- 
pads ; such specimens are not made into neoteinic royalties, but 
nymphs of an earlier stage, or even larvae, are preferred. It is 
apparently by an interference with one of these earlier stages of 
development that the “ nymphs of the second form,” which have 
for long been an enigma to zoologists, are produced. 

Post-metamorphic Growth. — The increase of the fertility of 
the royal female is accompanied by remarkable phenomena of 
growth. Post-metamorphic growth is a phenomenon ahnost 
unknown in Insect life, except in these Termitidae ; distension 
not infrequently occurs to a certain extent in other Insects, and 


^ Camerano, JiulL Soc. cut, Ital, xvii. 1885, p. 89 ; and Kollmann, Vcrh, Oes, 
vii. 1883, p. 391. 
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is usually due to the growth of eggs inside the body, or to the 
repletion of other parts. But in Termitidae there exists post* 
metamorphic growth of an extensive and complex nature ; this 
growth does not affect the sclerites (i.e. the hard chitinous parts 
of the exo-skeleton), which remain of the size they were when the 
post-metamorphic growth commenced, and are consequently mere 
islands in the distended abdomen (Fig. 236, B, C). The growth 
is chiefly due to a great increase in number and size of the egg- 
tubes, but there is believed to be a correlative increase of various 
other parts of the abdominal as distinguished from the anterior 
regions of the body. A sketch of the distinctions existing 
l)etween a female of a species at the time of completion 
of the metamorphosis and at the period of maximiun fertility 
does not appear to have been yet made. 

New Oommunities. — The progress of knowledge in respect of 
Temitidae is bringing to light a quite unexpected diversity of 
habits and constitution. Hence it is premature to generalise on 
important matters, but we may refer to certain points that 
have been ascertained in connexion with the formation of new 
communities. The duration of particular communities and the 
modes in which new ones are founded are still very obscure. 
It was formerly considered that swarming took place in 
order to increase the number of communities, and likewise for 
promoting crossing between the individuals of different com- 
munities. Grassi, however, finds as the result of his prolonged 
observations on Teimies Inciftigus that the swarms have no further 
result than that the individuals composing them are eaten up. 
And Fritz Muller states ^ that in the case of the great majority 
of forms known to him the founding of a colony by means 
of a pair from a swarm would be just about as practicabhi 
as to establish a new colony of human beings by placing a 
couple of newly-born babes on an uninhabited island. It was 
also thought that pairs, after swarming, re-entered the nests 
and became royal couples. It does not, however, appear that 
any one is able to produce evidence of such an occurrence. Tlu^ 
account given by Smeathman of the election of a royal couple 
of Tevmes lellieosus is imperfect, as, indeed, has already been 
pointed out by Hagen. It suggests, however, that a winged 
pair after leaving the nest do again enter it to become king 
^ Jem. Zeitschr, NcUurw. vii. 1873, p. 4^8. 
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and queen. The buge edifices of thia species described by 
Smeathman are clearly the result of many years of labour, imd at 
present substitution royalties are not known to occur in tiiiem, 
so that it is not improbable Smeathman may prove to be correct 
even on this point, and that in the case of some species mature 
individuals may re-enter the nest after swarming and may become 
royal couples. On the whole, however, it appears probable that 
communities of long standing are kept up by the substitution 
royalty system, and that new communities when established are 
usually founded by a pair from a swarm, which at first are not 
in that completely helpless condition to which they come when 
they afterwards reacli the state of so-called royalty. Grassi*s 
observations as to the sources of f(K)d remove in fact one of tliC 
difficulties that existed previously in regard to the founding of 
new colonies, for we now know that a couple may possibly bear 
with them a sufficient supply of proctodaeal and stomodaeal 
aliment to last them till workers are hatched to feed them, and 
till soldiers are developed and the community gradually assumes 
a complex condition. Professor Perez lias recently obtained ^ the ‘ 
early stages of a community from a winged pair after they liad 
been placed in captivity, unattended by workers. Muller’s 
observation, previously quoted, is no doubt correct in relation 
to the complete helplessness of royal pairs after they have 
been such for some time; but that helplessness is itself only 
gradually acquired by the royal pair, who at first are able to 
shift for themselves, and produce a few workers without any 
assistance. 

Anomalous Forms. — Muller has described a Calotermes under 
the name of C. rugosus, which is interesting on account of the 
pecxdiar form of the young larva, and of the changes by which 
it subsequently liecomes similar in form to other species of the 
genus. We represent the development of this larva in Fig. 
237. We may call attention to the fact that tliis figure illus- 
trates the large size of the paunch, which is so extraordinary 
in some of the states of the Termitidae. 

It will be recollexrted that the genus Calotermes is destitute 
of workers. There is another genus, Ayioplotermes, in which the . 
reverse condition prevails, and the soldier is absent ; this is the 
only case yet known in which such a state of affairs exists. 

' C7?. Ae. PnriSf cxix. 1894, p. 804, 



The species is called A, paciJicuB by Fritz Mliller ; it differs from 

other Termitid^ in possessing a proventriculus destitute of tritu-, 

rating ridges. The nests of this species are utilised by a little 

Eutermes (jR inguilinus Muller) for its own advantage ; whether 

by first destroying the Amplotermes or whether by merely taking 

possession of the nests abandoned by tkfir owners is not known. 

It is a most remarkable fact 

that the Eutermes resembles \ / \ I 

the Anoplotermes so ex- qT 

tremely that the two can 

scarcely be distinguished, 

though anatomically they are ^ 

quite different. The resem- | j \ J 

blance is indeed so great that 

it deceived Von Jhering into y 

supposing that the two genera 

were alternate generations of a' b 

single species, one generation y vjM ** 

possessing soldiers, the other it -13 

being .j without them. Subse- 

quently, by anatomical inves- 

tigation, he recognised ^ the c d 

error into wllich he had fallen — Changes in cxtomul form of the 

young larva of Cnlotermes nigosus. A, 
an error that, under such Newly hatched with nine joints in aii- 


young larva of Calotermes ruf/otuts. A, 
Newly hatched with nine joints in an- 

pcculiur circumstances, was tennue, x S; B, ol.ler larva with ten 
^ . Ill joints, X 8 ; C, next stage with eleven 

^JUlte pardonable. joints, x 8 ; D, larva with twelve joints ; 

Hagen has suggested * that ““ 

^ ^ po ary canal are shown — r, crop ; m, 

JfodotevmeS JciponicUS never pro- stomach ; ft, paunch ; r, intestine ; r, 
duces winged forms. It is, how- vessel, X - (AIUt Fritz MaUer.) 

ever, now known that this suppozsed Termite is really an earwig. 

lllarching and Harvesting Termites. — Smeathman alluded 
to a remarkable Tcrmes seen by him in Africa, giving it the 
name of T. viarum. Nothing further is known of this Insect, 
which, according to Snieathman's account, may possibly be tlie 
most remarkable of the family. T. viarum is said to be larger 
than 2\ bellicosus, and was discovered issuing in large luimljers 
from A hole in the ground and marching in columns consisting 
of workers directed by soldiers of enormous size, some of whom 


^ Congr, intemat, Zeol, ii. 1892, pi i. p. 249. 
^ P. Boston Soc, xi. 1868, p. 399. 
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climbed up plants and gave audible signals to the army, vrhich 
immediately responded with a hissiug noise and by increasing 
their pace with the utmost hurry ; they continued marching by 
the spot where Smeathman observed them for upwards of an 
hour. He was not able to find their nests, and no specimens have 
been preserved ; both soldiers and workers possessed eyes. March- 
ing in this way by daylight is contrary to the nattire of ordinary 
Tennites, and some doubt has exist^ as to the correctness of 
Smeathman's observation, which has in fact remained for upwards 
of a centirry without confirmation. 

Mr. G. D. Haviland has, however, this year discovered in 
Katal a Termite which shows that there are species in Africa 
of the kind described by Smeathman, the workers and soldiers 
l)eing possessed of facetted eyes. Mr. Haviland states that the 
workers of this species issue from holes in the ground during the 

heat of the day and 
cut grass both dead 
and green. They 
carry it, in lengths 
of alxtut two inches, 
to the mouths of 
the holes, often 
leaving it there and 
going at once to 
fetch more. Under 
acacia bushes they 
carry acacia leaflets 
as well as grass. In 
the middle of the 
day more grass ac- 
a flag-pole. Cumulates at the 

entrance to the holes than can be taken in, but as the heat of 
the day diminishes the workers cease to forage and take in the 
acciunulation. When the grass is all in they sometimes close 
the mouth of the hole with moistened pellets of earth brought 
in their mouths. The soldiers remain in the holes; When dis- 
turbed they jerk themselves like soldiers of other species to 
frighten away the intruder ; when they bite, their grip is veiy 
tenacious. The holes are about ^ of an inch in diameter, and 
there are usually several of them a few yards apart ; around each 
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of them is a patch over which the grass has l)een cut tpiite 
short. Mr. Haviland followed these holes by digging for a 
distance of 20 feet and to a depth of 5^ feet; they remain 
uniform in size except that near the entrance there may 
be one or two chambers in which the grass is temporarily 
stored, but these do not hold more than would be collected 
in an hour or two. As the burrow descends it is ocwi- 
sionally joined by another, and at the point of junction there 
is usually a considerable widening. Sometimes they run straight 
for 6 or 7 feet, sometimes they curve abruptly, sometimes they are 
nearly horizontal, but near tlie mouth may bo almost vertical in 
direction. These Termites are very local, but the specimens are 
numerous when found. Mr. Haviland dug for tliese Insects at 
two places on the Tugela river, one of them being at Colenso. It 
is much to be regretted that he was unable to reach the nest. 
We figure a soldier selected from specimens sent by Mr. Haviland 
to the Cambridge University Museum. This Insect is apparently 
much smaller than Sineathmau’s viarum. Other species of 
Termitidae have been' described^ as forming underground tunnels 
in Africa, but none of the species have yet been satisfactorily 
identifie%. 

It was stated by Smeathman that some species of Termites 
had chaml)ers in their habitations in which grew a kind of fungus 
used by the Insects for food; Mr. Haviland is able to confirm 
Smeatliman in this ptyrticular ; he liaving found fungus-chambers 
in the nests of more tliaii one species both in Singapore and 
South Africa (Fig. 240), 

Habitations. — In nothing do Termites differ more tiian in 
the habitations they form. Sometimes, as we have mentioned in 
the case of Ccdotermes, there is no real structure formed ; only a 
few barriers being erected in burrows or natural hollows in wood. 
In other cases very extensive structures are formed, so that the 
work of the Termites l)econie8 a conspicuous feature in the land- 
scape. This is of course only the case in regions that are not 
much interfered with by man ; the great dwellings spoken of 
by Smeathman and others soon disappear from the neighbourho(xl 
of settlements, but in parts of Africa and in Australia large 
dwellings are still formed by these creatures. In tlie latter part 
of the world there exists a very remarkable one, formed by an 
^ ' Kolbe, £nt, Nachr. xiii. 1887, p. 70, 
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undetermined species called by the officers and crew of her 
Majesty's ship Penguin the " compass ant.” The outline of one 
of the structures formed by this Termite we represent in Fig. 239. 
Mr. J. J. Walker, to whom we are indebted for the sketch from 
which this figure is taken, has also favoured us with the following 
extract from his diary, of date 4th August 1890 : " The most in- 
teresting feature in the scenery (about forty miles inland from Port 
Darwin) was the constant succession of huge mounds raised by 
the Termites, of which I had seen some comparatively small 
examples in my rambles near Port Darwin ; but these exceeded 
in dimensions all I had ever seen. The most frequent os well as 
the largest kind was ususvlly of a reddish or ferruginous colour 
outside, and generally almost cylindrical in shape with obtusely- 
pointed top, but nearly always more or less weather-worn, with 
great irregular buttresses and deep ruts down the sides ; many of 
them look like ruined towers in miniature. Their usual height 
was from 8 to 10 feet, but many were much higher, and some 
attained an (estimated) elevation of at least 20 feet. Another 
kind, seen only in one or two places along the line, was of a much • 
more singular character ; they averaged only 4 to 5 feet high, 

were built of a dark-gray mud, 
and in shape were like thin flat 
wedges set upright (see Fig. 239), 
reminding one of tombstones in 
a churchyard. But the most 
remarkable feature about these 
mounds was that they had all 
the same orientation, viz. with 
the long faces of the wedge 
pointing nearly north and south. 

dian Termite of North Australia. A, ” "7 t^lS IS SO I am quite at a 
face exteudiug south and north ; B, cross- loss to imagine, and I much re- 

******“■ gret that I had no opportunity 

of closely examining these most singular structures. A third 
kind of mound, usually not exceeding 2 feet in height, was of a 
simple, acute, conical figure, and generally of a gray colour some- 
what paler than the last.” 

The material used for the construction of the dwellings is 
cither earth, wood, or the excrement of the Termites. The huge 
edifices mentioned by Smeathman are composed of earth cemented 
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together so as to look like stone or brick, and the buildings appear 
to be almost as strong as if they were actually constructed with 
these materials. In many casjs 
the substance used is comminuted 
wood that has passed one or 
more times through the alimen- 
tary Ciinal of the Insects, and 1 
may therefore te called excrement. 

Whether the stone-like material 
is made from earth that has 
passed through the alimentary ^ 

CHiial or from grains gathered of' 

® ® Termes anyuataius, S. Africa, showing' 

for the purpose luis not been fungus chambers and orifices of com- 
well ascertained. In any case niumcatiou. 

the material is cemented together by means of the secretions of 
glands. Dudley and Beainnont have described the process of 
construction, in a species obser\'ed by them, saying that earth 
is brought and placed in position by the mandibles, and cemented 
by li(juid from the abdomen.^ Von Jhering sjxys^ that some 
species form the exterior walls of their dwellings of stone-like 
materilll, but make use of woody matter for the construction 
of the interior. Smeathmau has described the nest of Terines 


hellicosus. The whole of the very strong external wall consists 
of clay-like material, cemented by the secretions of the Termites 
to a very firm consistence. The royal cell is built of the same 
material as the framework of the nest; whilst the nurseries 
in which the young are chiefly found are built of woody 
material, and are always covered with a kind of mould — the 
mycelium of a fungus — and plentifully sprinkled with small 
white bodies, which, under the microscope, are found to bo filled 
with a number of oblong, spore-like cells. 

These nurseries rest on the clay-like framework of the nest, 
but are not attached thereto ; they in no way support it, or one 
another, indeed they have the appearance of being constantly 
added to on their upper margins and constantly eaten away on 
their under parts. Fig. 240 represents the appearance of the 
upi)er boundary of a nursery taken from a nest of Tervm angvs- 
tatns. The small white bodies, mentioned above, have dis- 
appeared : the mycelium of the fungus, though not shown in the 


Trans, AT. York Ac, viil 1889, p. 91. * C^Tigr, inUnuU. ZooL iL 1892, p, 249, 
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figure, is still visible on the specimen from which it was drawn, 
and gives rise to a whitish, glaucous appearance. 

In various parts of the world nests fcMrmed on trees by Termites 
are to be seen ; these tree nests are, it would appear, in some cases 
only parts of a community, and are connected with the main body 
by galleries. In other cases nests are formed in various positions of 
advantage ; Messrs. Hubbard and Hagen have given us an account ^ 
of some of these — ^probably the work of Eutermes ripperti — ^as seen 
in Jamaica, They describe the nests as spherical or conical masses, 
looking externally as if composed of loamy earth ; they are placed 
oil trees, fences, or walls ; they vary in size from that of a man^s 
fist to that of a hogshead ; they appear to be composed of finely 
comminuted wood fastened together by saliva. These nests are 
formed oil the same principle as those of the wasps that make 
nests hanging to trees and bushes, as they consist of an external 
protecting envelope covering a comb-like mass in the interior. 
At the bottom of the nest there is a covered gallery leading to 
the earth, where the main nest appears to be situate ; galleries 
also are constructed so as to lead to the tox)S of trees and other 
places, in such a manner that the Termite can still keep up its 
peculiarity of working and travelling in tunnels and yet roam 
over a large area ; the activity of these Termites continues day 
and night. In eacli nest there is a queen, who lays eggs that 
are removed by the worker Termites to the bottom of the nest. 
The young are fed on a prepared fwd, consisting apparently of 
comminuted vegetable matter, of which considerable masses are 
laid in store. Some of the nests are rich in containing many 
pounds’ weight of tliis material, while others are apparently quite 
destitute of it. There is a soldier form and at least two kinds of 
workers. Some species of true ant frequently shares the nest of 
these white ants, but on what terms the two kinds of Insects live 
together is not stated. 

Termite Ravages. — In countries whose climate is favourable 
to their constitutions certain kinds of Termites become of great 
importance to our own species. Owing to their taste for woody 
matter and to their habit of working in concealment, it is no 
uncommon thing for it to be discovered that Termites have- 
obtained access to a building and have practically destroyed the 
wooden materials used in its construction ; all the interior of the 
^ P. Bos^m Soc. xix. 1878, p. 267 ; and xx. 1881, p. 121. 
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wood being eaten away and only a thin outer shell left intact. 
A Termite, T. tenuis^ was introduced — in what manner is not 
certainly known^ — to the Island of St. Helena, and committed 
such extensive ravages there that Jamestown, the capital, was 
practically destroyed and new buildings had to be erected. Other 
such cases are on record. Destructive ; species can sometim(\s be 
destroyed by placing in the nests a portion of arsenieated food. 
This is eaten by some individuals, who perish in consequence ; 
and their dead bodies being consumed by their comrades, the colony 
becomes checked if not exterminated. 

The number of described species of Termitidae does not much 
exceed 100, but this is certainly only a small portion of those 
existing, the total of which may probably reach 1000 species. 

Termitidae are classed by some naturalists with the Orthopteva, 
and they have a great deal in common with some of tlie cursorial 
division of that Order, more particularly Forficulidae and Blattidae; 
but they differ from Orthoptera in the nature and form of tlie 
wings. They are also classed by some, with a few other forms, as 
a separate Order of rseudo-Neuroptera called Corrodentia, but this 
is notj a very sfitisfactory course, as the Termitidae do not agree 
closely with the forms associated with them, while the aggregate 
so formed is far from kuiig very distinct from other forms of 
Neuroptera. On tho whole the best plan appears to be to treat the 
Termitidae as forming a distinct family of the Order Neuroptera, 
or to make it a distinct Order, as proposed by Grassi. Packard 
now associates Termites in an Order with the biting-lice, and 
calls it Platyptera. 

Fossil Termites. — Termitidae were very al)undant in Tertiary 
times, and the genera appear to have been then much the same as 
at present. In Mesozoic strata the remains of true Termitidae 
apparently exist in the Lias in Europe, but fartlier back thnn 
this the family has not been satisfactorily traced. It was formerly 
supposed that Termitidae existed in the Carboniferous strata, but 
this appears to be very doubtful ; and the foml remains of that 
epoch, which were presumed to be those of Termites, arc now 
referred by SCudder and others to the Neuropteroid division of the 
Order* Palaeodictyoptera, an Order whicli is formed entirely of 
Palaeozoic fossil remains. 

^ According to Melliss, it is thought that the Insect may have been carried, to 
the island in a captured slave-ship. Melliss, St. Helena^ 1875, p. 171. 
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NKUROPTERA CONTINUED PSOCIDAE (BOOK - LICE AND DEATH- 

WATCHES) ^THE FIRST FAMILY OF AMPHIBIOUS NEUROPTEUA 

(PERLIDAE, stone-flies). 


Fam. IV. Psocidae — Book-Lice, Death-Watches. 

Minute Insects with slender^ threadlike, or hairdike antennae; 
four delicate membranous wimjs, the front pair of tvhich are 

the larger; their neuration is not 
abundant and is irregular, so that 
the cells are also irreytdarly ar- 
ranged ; the transverse ncrvules are 
only one or tv?o in number} Pro- 
thorax very small, in the winged 

Fw. 241. -Pmw, commled helvmn the 

Englttiid. (ARer M‘Lachlan.) head and the large mesothorax ; th is 
latter closely conmcted with, or fused 
with, the metathorax. Species quite wingless, or with trijigs 
unfitted for flight, exist ; in them the prothorax is not so ex- 
tremely small, while the mesothorax is smaller than in the 
winged forms. Tarsi of two or three segments. Metamorphosis 
slight, marked chiefly by the development of wings and ocelli. 



The Psocidaii are without exception small and soft-bodied Insects, 
and are only known to those who are not entoinologists by the 
wingless forms that run about in uninliabited or quiet apart- 
ments, and are called dust-lice or book-lice. They are perhaps 
more similar to Termitidae than to any other Insects, but 
the two families differ much in the structure of their wings, and 
are totally dissimilar in the natui'e of their lives. 

^ In some exotic species there is a dense network on a )^rt of the anterior wing. 
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The antennae consist of eleven to twentj-five joints, or even 
more, about thirteen being the 
usual number ; the basal two are 
thicker than the others, and are 
destitute of setae or pubescence 
such as the others possess. The 
maxillae and labium are remark- 
able. The former possesses a 
peculiar hard pick or elongate 
rod ; this is considered by many 
naturalists to be the inner lol e. Fro. 242 .— Transverse horizontal section 

hut Burgess thinks it more prob- fmxXn n/iiik’l c'oi^So j 

ably an independent organ, ^ a^s it P* stip***^ ; muscles ; socket 

, z • 1 a • o 1 1 of mandible. 

has no articulation of any kind 

with the outer lobe. The latter is remarkably thick and fleshy ; 

tlie palpus is 5 -jointed. Other 
authorities consider the pick to 
be certainly the inner lobe ; if 
it \)G not, the latter is quite 
wanting. Hagen agrees with 
Burgess in stating tliat the 
pick slides in the outer lobe as 
ill a sheath. The labium has 
a large mentum and a ligula 
divided anteriorly into two lobes; 
at each outer angle in front 
there is a globular projection, 
which is doulitless the lalual 
palpus ; reposing on tlie laliiiim 
t there is a large free lingua. 

The labruni is large, attached 
^c.m to a distinct clypeus, behind 

Fio.213. — A,Frontofheadof which there is a reiuai’kal.de 

ifwrphus ; c/, post clyiieus ; a. cpicraii- , - i . i 1 1 

iuni : B, transverse horizontal section post-clypeus, wllicll IS llSUally 

of iHMt-ciyimw of Psocus; el, post- prominent as if inflated ; to its 

clyiwiis ; c./n, clypeal muscles ; epi- t i i i 

cranium tendons; /.7a, labial muscle in lUUer face are attached S(‘Veral 

inibscles which converge to lie 

inserted on a plate placed IxjIow 

the anterior part of the oesophagus, and called by Burgess the 

1 P. Boston Soc. xix. 1878, p. 292. 


section ; oe, oesophagus ; oe.ft, oesopha- 
geal bone. (After Burgess and Bertkau.) 
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oesophageal bone; imder or within the lingua there is a pair 
of lingual glands. Judging from Grosse’s stud^ of the mouth 
of Mallophaga, we may conclude that the oesophageal bone will 
prove to be a sclerite of the hypopharynx. The eyes of the 
winged forms are frequently remarkably convex, and there are 
also three Ocelli, triangularly placed on the vertex. The head 
is free and very mobile. The coxae are rather small, exserted, 
contiguous; the sterna small. The abdomen has usually ten 
segments, though sometimes only nine can be detected. 

Tlie thorax in Psocidae usually looks as if it consisted of 
only two segments. This is due to two opposite conditions: (1) 
that in the winged forms the prothorax is reduced to a plate 
concealed in the fissure between the head and the mesothorax 
bearing the first pair of wings ; (2) that in tlie wingless forms 
(Fig. 247), though the prothorax is distinct, the meso- and meta- 
thomx are fused into one segment. 

The internal anatomy is only very incompletely known. 
Nitzsch ' has, however, descril)ed the alimentary canal and the 
reproductive organs of Cluthilla pulsatoria. The former is 

Flo. 244. — Reproduc- 
tive organs of CVo- 
thilla pnlsatoria, 
A, Male ; a, vesi- 
culae seminales ; 
testes ; c, vasa ile- 
ferentia; (f, ejacii- 
latory duct. 
Female ; o, ft, egg- 
tubes ; Cy oviduct ; 
dj utcnis, coutain- 
big egg ; f, acces- 
sory gland (the en- 
veloping sac in sec- 
tion);/, its duct. 
(After Nitzsch.) 

remarkably simple: no proventricidus or crop was found; the 
stomach is very elongate, and consists of a sac-like anterior 
portion and an elongiite, tubular posterior part. There are four 
Malpighian tubes. The posterior part of the canal is remark- 
ably short, the snuill intestine being scarcely as long as the 
rectum. The ovaries (Fig. 244, B) consist of five egg-tubes on 
each side ; connected with the oviduct there is a peculiar acces- 
sory gland consisting of a sac containing other small sacs each 
* Germar, Hag, EnUmal. iv. 1821, p. 278, pi. ii. 
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with au elongate efferent duct; the number of the secondary 
sacs varies from one to four according to the individual The 
testis (Fig. 244, A, h) is a simple capsule ; connected with the 
hose of the ejaculatory duct there is a pair of elongate accessoi'y 
glands or vesiculae seminales. 

The life-history has never been satisfactorily sketched. The 
young greatly resemble the old, but have no ocelli or wings, and 
sometimes the tarsi are of two joints, while in the aiiult they 
have three. The antennae have also in these cases a le.s8 niunlwr 
of joints in the young stage. The food is animal or vegetable 
refuse substances ; many live on fungoid matter of various kinds, 
mouldy chaff being, it is said, a favourite pabulum ; the mould 
on palings is a source of food to many ; others live on the rust- 
fimgi of leaves, and many frequent the bark of trees. They are 
able to spin webs, probably by the aid of the lingual glands ; 
the eggs are deposited, in some cases, on leaves and covered with 
a web. Hagen says that a peculiar organ, possibly a gland — he 
calls it a hose * — exists at the base of the tarsal claws. In our 
climate most of the species pass the winter in the egg-state. 
There .pay be two generations in a year, perhaps more. 

The nomenclature of the wing-veins of Psocidae has given 
rise to much discussion.* The 

system shown in the accom- 

panying figure is probably the 
most convenient ; the subcos- 
tal vein (2) is always obscure, 
and sometimes can only be 
detected by very minute ex- Fio. 24S.— Anterior wing of mptoeut hrmi- 
amination. Some interesting f i 

information as to the minute branches of cubitus; 5, sector of tlie radius; 

structure and mode of forma- thereof, 

tion of the wings and their nervures has been given by Hagen.^ 

In the young the wings first appear as buds, or outgrow tl is 
of the sides of the meso- and meta-thorax ; afterwards the pro- 
thorax decreases, while the other two thoracic segments and 
the wing -rudiments attached to them increase. The wings 
from their very origin appear to be different from those of the 
Orthoptera, and the changes that take place in the thoracic 



Psyche, iii. 1881, p. 196. 


^ Kolbe, StettxTu ent, Zdt, xli. 1880, p. 179. 
^ Op. cit. p. 209, etc. 
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segments in the course of the development, differ from those 
that occur in Orthoptera. 

There are several peculiarities connected with the wings. 

Frequently they exist, 

though of no use for 

flight ; some Psocidae that 

have perfectly - forme 1 

wings are so reluctant to 

use them that, M'Lachlan 

says, they will allow them- 

Fio, 246, — Micropterous form of Meat^aocus unir S6ly6S tO 1)6 crushed with- 
puwstaiua, a, a, Wings. (After Bertkau.) i i 

out seeking to escape ny 
flight. At certain periods, however, some Pscx^idae float on 
the wing in considerable numbers, especially in a moist still 
atmosphere, and then drift about like the winged Aphididae, 
which are frequently found with them. There is evidence 
that individuals, or generations, of some of the winged species 
occur with only rudimentary wings; although this has been 
denied by Kolbe, there can be no doubt about it. The form- 
figured above (Fig. 246) was described by Bertkau^ as a dis- 
tinct genus, but was afterwards recognised by him^ to be a 
short-winged form of Mesopsoeus unipunctatxis. It is probable 
that the adult female of this species has the wings always 
micropterous, while the male has these organs of the full size. 
In other species the condition of the rudimentary wings seems to 
1)6 quite constant. The facts concerning the wings of I’socidae 
are so peculiar that Kolbe came to the conclusion that the 
organs exist not because they are of use for flight, so much as 
because it is the nature of an Insect to develop wings.* . 

Some of the species of Psocidae have never any trace of wings. 
These apterous forms are mostly, included in the division 
Atropinae, and are usually very minute ; it has been again and 
again erroneously stated that they are the young state of winged 
forms. Hagen kept a large colony of Atropos divinatoria for 
some years in confinement, so that he saw numerous generations 
as well as many specimens. He found the apterous condition 
quite constant. 

^ Arch,f, Naiurg, xlix. i. 1888, p. 99. 

^ Verh. Ver, Kheinlayid^ xxxix. 1882, Corr.-bl. p. 128. 

• Berlin ent. Zdt, xxyiii. 1884, p. 36. 
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The association of ocelli with wings is nearly constant in 
Psocidae. The genus Clothilla — allied to Atrojios — possesses 
very rudimentary wings but no ocelli. Hagen, however, found ^ 
that in a certain locality no less than 12 per cent of the indi- 
viduals of this species were provided with ocelli, — -a most extra- 
ordinary variation. ■ - 

In some of these apterous forms there is found on each side 
of the prothorax a tubercular prominence which, according to 
Hagen, can be considered only as the rudiment of a wing that 
never develops. Though no existing Insect is known to possess 
rudimentary wings on the })rothorax, we have previously men- 
tioned (p. 344) that in the CarlKuiiferous epoch ap])eudages of 
the nature alluded to were not very rare. 

A genus of living fovmH—lfj/peretes — in which the three 
thoracic segments are well developed, but in which there are no 
alar appendages or rudiments, is considered by Hagen to lui more 
primitive than the Psocidae found in amber to whicli we shall 
subsequently allude. 

TJic number of descril:)ed species of Psocidae does not reacdi 
two ’|\iiidred; we have, however, thirty species or more in 
Britain,^ Nietner observed about the same number in the 
immediate vicinity of his house in Ceylon. The isolated and 
remote Hawaiian grcnip of islands is remarkaldy rich in Psocidae. 
Two thousiiiid is a moderate estimate of tlie nund)er of existing 
species. The largest forms yet discovered l^elong to the Brazilian 
genus Thyrsoi^horns ; they attain, however, a breadth of only 
about one inch witli the wings fully expanded. Tlie Culmn 
genus Emhidopsocus is said to be of grfiat interest from its 
approximation to Embiidae. It is at present very inadequately 
known. 

One (or more) very minute Insects of this family — Clothilla 
pulsatoria according to Hagen, Atropos ® divinatoria according to 
some other authors — is widely known under the name of tlie 
death-watch, owing to its being Ijelieved to make a peculiar 

^ Stettin, ent, Sett, xliv. 1883, pp. 299, 305. 

^ Fpr tho British species, see M'Lachlan, £nt, Mmth, Mag, iii. 1867, p. 177. 

^ Thb genera Atropoe and Clothilla were named after tlie two fates Atro^ios and 
Ctotho. Westwood attempted some years ago to complete the trio by establishing a 
genus Lachanlla, Tliis proved a failure, the genus being a misconception. As tho 
name Lachesis is in use in various branches of soology, the desired cii'cle of Psocid 
• fates is likely to remain always incomplete. 
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ticking noise, supposed to be prophetic of the decease of some 

individual — a human being we fancy, 
not a death-watch. It is difficult 
to believe that so minute and soft an 
A Insect can produce a sound audible to 
human ears, and many entomologists are 
of opinion that the sound in question 
is really produced by a beetle — of the 
genus Anobmm — which lives in wood, 
and that as the beetle may be concealed 
in a hole, while the Clothilla is ^een 
running about, the sound is naturally, 
though erroneously, attributed to the 
Fig. 247.— a, AtroposiUmia- latter. But the rapping of the Ano- 
(After hiuM is Well kiiowii, is produced while 
the Insect is at large, and is said to be 
a different noise from that of the Psocid ; evidence too has been 
given as to the production of the sound in a workbox wlien the 
Psocid was certainly present, and the most carfeful search failed’ 
to reveal any beetle. 

The Kev. W. Derham, who two hundred years ago was Rector 
of Upminster, in Essex, and was well known as a distinguished 
writer and philosopher, gave an account of the ticking of death- 
watches to the Royal Society.^ This gentleman was a most 
iiccurate and minute observer ; he was well acquainted with the 
ticking of the greater death-watch — Anobium — which he 
describes very accurately, as well as the acts accompanying it, 
the details he mentidns being exactly such as occur at the present 
tima He not only heard the ticking of the Psocid or lesser 
death-watch, but repeatedly witnessed it. He says ; “ I am now 
so used to, and skilful in the matter as to be able to see, and 
show them, beating almost when I please, by having a paper 
with some of them in it conveniently placed and imitating their 
pulsation, which they will readily answer.” He also states that 
he could only hear them beating when it was done on paper, and 
that this death-watch will tick for some hours together without 
intermission, with intervals between the beats, so that it much 
resembles the ticking of a watch. The act of ticking was accom- 

^ Phil. Trans, xxii. 1701, pp. 832-834 ; and xxiv. 1704, pp. 1586-1694, Plate 291, 
Figs. 4, 5 (pp. 1565 to 1604 occur twice in this volume). 
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pauied by rapping the front of the head on the paper, but Mr. 
Derham could not be sure that the sound 
was produced in that manner, because each 
stroke was also accompanied by a peculiar 
shudder, or recoil. After a prolonged tick- 
ing he observed that another individual of 
the other sex made its appeamnce. The 
species figured by Mr. 13erham moiv 
resembles a Hyperete» than it does either 
of our two known book-lice, Atropos and rin. 248.— Tiie l*»ser.ieatii- 

Clothilla. watch of U)iiiiiuster. 

XT • i* Tk • 1 (After Derham.) Aaiiiag- 

Numerous species of Psocidae are pre- ned ; b, natural size. 

served in amber ; Hagen ^ has made a 
careful study, based on a considerable number of specimens, 
of about thirteen such sjKicies. They belong to no less than 
nine genera and five sub - families. Sphaeropsocu8 is the most 
remarkable ; this Insect lias a well - developed prothorax, as 

is the case in the wingless 
Psocids, and a pair of large 
wings or tegmina meeting 
by a straight suture along 
the back, as is usual in 
beetles, though (piite un- 
known in existing Pscxjidae. 
Another species, Amphiento- 
7nuni paradoxuin, has the 
body and appendages covered 
with scales like a liutterfly 
or moth ; other species, found 

¥io, 2i9.^Sp^iaerop3ocn8 kuiiowii. From guni-copal or still liv- 
amher. x 30. (After liageii.) ; ® , *■ 

ing, have scales on various 

parts of the body, but not to so great an extent as this amber 

species. The genus Amphientomnm is still represented in Ceylon 

and elsewhere by living forms ; Packard has figured some of the 

scales ; ^ they appear to be extremely similar to those of lA?pi- 

doptera or Thysanura. The facts connected with this fauna of 

ambec Psocidae would seem to show that the family was formerly 

more extensive and important than it is at present ; we should 

tlierefore expect to find numerous fossil forms in strata of date 

' Stettin, ent. Zcit, xliii. 1882, p. 265. ® P. Bostm Soe. xiii. 1871, p. 407. 
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anterior to that of the amber ; biit this is not the case, all that 
is known as to fossil I’socidae being that Scndder has recently 
ascribed traces of an Insect fonnd in the Tertiary rocks of Utah 
to this family os a distinct genus. 


Fam. V. Periidae. 

Insects of modertUe or large size, furnished with four memhranotis 
wings ; these are usually complexly reticulate ; the hind pair 
are mueh the larger, and have a large anal area of more 
simple venation, which hecomes plicate when folded. The 
coxae are small, the legs widely separated. The larvae are 
aquatic in habits; the metamorphosis is dight. 



The Periidae form a small family of Insects unattractive in their 
general appearance. The life-history of each individual consists 
of two abruptly contrasted portions; the earlier stage being 
entirely aquatic, the later aerial Hence the Periidae come into 
the amphibious division of Neuroptera. The definition we have 
given above would, except as regards the texture of the front 
wings and the aqusitic habits of the larvae, apply to many 
Insects of the Onler Orthoptera. The Phryganeidae, another 
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family of Neuroptem, have aquatic lan^ae and wings somewhat 
similar in form to those of the Perlidae, but the meml)ers of the two 
families cannot be confounded, as the Phryganeidae have hairy 
front wings and large and contiguous coxae. 

The antennae of the Perlidae are long, very flexible, and com- 
posed of a very large number of joints. The parts of the mouth 
vary a good deal. The mandibles and maxillae are usually rather 
small, and all the parts of the mouth are of feeble consistence or 
even membranous; the maxillary palpi are, however, well developed 
and exserted from the mouth, five-jointed. The labium is short 
and but little conspicuous. The mandibles in some forms are 
almost membranous, Imt in other genera they are firmer and are 
toothed. The labium is composed of a very large mentiim, beyond 
which is a large piece, usually undivided, bearing the four terminal 
lobes ; the three-jointed palpus is seated on the side of tlie large 
middle sclerite, which is no doubt of composite nature. Con- 
siderable variety as to the lower lip prevails. The head is broad 
and flat ; there is an indistinctly -indicated clypeus, three — 
more rarely two — ocelli, and on each side an eye neither veiy 
large nor perfect. The prothorax is free, and has a flat, 
margiiled notiim. The ineso- and the meta-thorax are large, 
equal segments. The pro-, nieso-, and meta-sternum are large 
pieces; between the first and second, and between the second 
and third there is an intervening membrane. The metasternum 
is much prolonged backwards, and has on each side a peculiar 
slit; similar orifices exist on the other sterna (Fig. 254, o). 
Newport, who has examined them in Pteroviarcys, says that they 
are blind invaginations of the integument.; he calls them the 
sternal or furcal orifices.^ According to this naturalist these very 
peculiar openings pass into the body “as strong bone-like tubes, 
diverging from the axis to the periphery of the body in the 
immediate vicinity of some of the principal tracheae, but that 
they do not in any way communicate with them, as they terminate 
abruptly as caecfil structures,” He thinks them analogous with 
the endo-skeleton of other Insects ; a view which cannot be con- 
sidered sufficiently established. Laboulbene states* that when 
Perla ]parisina, is seized and placed on its back, it does not move, 
but emits a liquid at the base of the articulation of the legs. 

^ TV. Linn, Soc, xx. 1851, p. 433. 

^ * Bull, Soc, ent, ^ance (4), viii. 1868, p. xxxvii. 




400 


neuropjera 




This suggests that it may come from these sternal orifices/' The 

abdomen consist^ of ten dorsal plates, the 

f first being short, and of nine ventral; 

the dorsal plates are much more ample 
transversely than the ventral. Frequently 
the hind body is terminated by two long, 
many-joiiited cerci, looking like antennae. 
The coxae are small, not prominent, and 
> are directed outwards. . The legs are 
slender, the tibiae often grooved. The 
tarai are three-jointed, terminating in two 
claws and a more or less distinct pad. 
In the genus Isopteryx an auditory organ 
has been described as existing in the legs, 
in a position similar to that of the analo- 
gous structures 

Fig. 251,^Perla maxima, in Teriuitidae \ / 

(Alter Pictet) Blattidae. \ / • 

The wings when closed repose flat on the \ / 

hack, and fold and overlap so that only \ j 

one is seen (Fig. 251); in this state it ^ 

the costal portion of each front wing is ^ f ■■ 

turned downwards, so as to protect to 
some extent, the sides of the body. 

The early stages are known, but have 
not Ijeen described iniimtely, and there ^ \ 

appears to be very little iutbnnation as ■ 

to the youngest life. All the species Y ^ 

are, when imuiature, aquatic in their a C ! il 

habits ; the larvae greatly resemble the Ij C ' jk 

perfect Insects in form, though differing jSS 

in not possessing wings and in the M \ 

ocelli being merely opaque spaces. f \ 

They have rather large compound eyes ; f \ 

the future wings are represented by / \ 

lobe •like prolongations — varying in ' ' 

length according to age — of the meso- Fio. 2S2.— Pew<t sp., nympii, 
and meta-notura. In the Nemourae the 
cerci are absent in the imago though 

present in the young. The larvae of Perlidae are carnivorous 


showing tracheal gills. Pyre- 
nees orientales. 
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and are afile to swim well, the legs kniig provided with {il>uiidant 
swimming hairs ; they, however, as a rule, prefer to walk at the 
bottom of the pool, or 011 rocks or l)Oulders in tlie water they 
live in. 

One of the most peculiar features of tlie Terlidae is their 
respiratory system. Unfortunately Jhe greatest differences of 
opinion liave prevailed on various matters in connexion with this 
subject, and there are several j)oint 8 about which it is not possiliki 
at present to express a decidcMl opinion. 

The larvae have no stigmata; it appears to l)e generally 
agreed that there is in them no means 
of admitting air to the tracheal system 
by means of orifices. Some breathe 
entirely through the integument, the pro- 
cess being aided by the accumulation of 
tracheae at the spots where the brcuith- 
ing orifices .should be, and where the 
integument is more delicate. Others, 
hWever, possess gills in the form of pri)- 
truded.j bunches of filaments, conne<*ted 
with tracheae in the manner shown in 
Fig. 2 00. These filamentous branchiae 
occur in numerous s])(*(‘ies of the family, 
and are situate 011 various ])arts of the NL*\vi)ort.) 

body, but many species are destitute of them in genera, other inem- 
lK»rs of which possi*ss tlui filaments. In some Xemourae instead 
of bunches of filaments there are tubular projections on the ])ro- 
thoracic segment; and iu IJictyoptrnjx. sirpuita similar structures 
occur even in the cephalic region, Hagen stating ^ that there exists 
a pair on the subiiieiitum ami another on the membrane lietween 
the head and the thorax. In the imago state, stigmata are i)resent 
in the normal fiishiou, there Uung two thoracic and six alMlominal 
pairs. In several species the filaments persist in the imago, so that 
in these cases we meet w ith the curious condition of the coexistence 
of lirancliiae with a well-developed and functionally active system 
of spiracles ; this is the more curious because tlie creatiurcs usually 
have then nothing to do with the water, it having been asc<'r- 
taiiied that in these cases the species live out of the water as other 
terrestrial and aerial Insects do. These instances of persistence 

Zool. Avz. iii. 1880, p. 304. 

2 D 
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of branchiae during the aerial life have been the source of some 
perplexity ; the condition was shown to exist 
in Pteronarcys by Newport, and has since 
been demonstrated in various other forms. 
Newport believed that the imago of Piero- 
‘tmrcys breathes by means of the gills, 
although it lives out of the water and 
possesses spiracles; and he informs us that 
Mj. Bariiston observed the Insect when on 
the wing “ constantly dipping on the surface 
of the water.” Hence Newjiort concluded 
that Pteronarcys in the winged state is “ an 
amphibious animal.” That a winged Insect 
should live in the air and yet breathe by 
means of gills wcnild be truly extraordinary, 
and there can be little doul>t that Newport’s 
idea was erroneous. Hagen ^ was able to 
Fig. 254.— Umier si.ic of examine living images of the species in (lues- 

botly ot PtertmarvitH . n i i 

imago. (After tioii. He fouiid that tlicy avoided thv 
Newport.) g, Tra- ^Y’ater, and though he placed some indi- 
orilices. vidiuds therein, yet they did not use the 

gills. He also informs us that the braiudiiae 
have, during life, a shrivelled ajipearance, iiulicating that they 
are not functionally activt;, but are merely useless organs carried 
over to the imago from the previous instar, in which they were 
truly the means of obtaining air. Hagen also ascertained that 
the spiracles of the imago are in a normal state, being adapte<l 
for breathing, even as far back as the seventh abdominal 
segment. 

Great difference of opinion has prevailed as to the relations 
of the branchiae to the stigmata, it having been contended that 
the falling off of some of the branchiae left the stigmatic orifices. 
The facts appear to be only consistent with the conclusion that 
the two are totally independent organs. This subject has been 
investigated by Palnien,* who finds that in Perlidae — contrary 
to what occurs in may-flies^ — the species are either entirely 
destitute of gills, or these organs are persistent throughout 
life. It is not to be inferred from this that the gills in the 

' Stettin, eiU, Zeit, xxx?iii. 1877, p. 487. 

^ Morphologic des TnuheciisystemSf Helsingfors, 1877, ]). 21. , 





XVII 


PERLIDAE 


403 


pereiinibraiichiate Perlidiie are aa conspicuous as they are in 
the exceptional Ptenmarvys: for it appears that at tlie final 
moult the gills usually become yery 
iiiucli contracted and concealed by the 
new integument; in some cases they 
merely appear as slight prominencetr 
in the neighbourhood of tlie stigmata. 

Pictet, Dufour, Newport, and Imhof ^ 
luive studied the internal anatomy. The 
alimentary canal is remarkalde for the 
enormous oesophagus; there is no dis- 
tinction Ijctween this and the crop. A 
proventriculus is (juite al)scnt, and there 
are no chitinous folds in the position it 
usually occupies. The true stomach is 
small, and only commences in the fourth 
abdominal segment. It has a prolonged 
lobe on each side in front, and in 
addition to this eight sacs; thus there 
are foi*^ned ten divtulicula, fastened to 
the ])ost(.*rior part of the oesophagus by 
ligaments. The t(?rminal portion of the 
stomach is small, and apparently only 
distinguished from the short intestine 
by the point of insertion of the ^Mal- 
pighian tubes; these vary in numiKT 
from about twenty to sixty. There are 
two pairs of large siilivary glands. In 
Pferonarcys the caecal diverticula of the 
stomach are wanting. In some Perlidae 
the terminal parts of the gut are more 
complex than in Perla mfmima ; New- 
port figures both an ilium and colon 
very strongly differentiated, and states 
that these parts differ much in Perla and Pteronmrys. .Vc(;ord- 
ing to him the stomach is enibrai?ed by a network of tracheae, 
and Imhof tells us that lie found the stomach to contain only air. 

The brain is small, hut, according to Imhof, consists of four 
amalgamated divisions; the infra-oesojihageal ganglion is small, 

• ^ Beitr, AmU, Perla vuiadmu Iiiaug.-Diss. Aarau, 1881. 



Fio. 255. — Alinifiitary a«al and 
outline of body )f Perla 
vuminni, (After Iinliof.) /, 
Upper lip ; mhj al eavity ; 

euninioii tenni lation of 
salivary duets ; >, oeso* 

phogUH : s, salivary glands ; 
rtgr, duet of salivary glaiul ; 

anterior divertuuila of 
Ktoiuaeh ; their ligaments 
of ftttaeliiiient ; Malpi- 
ghian tulles ; r, rectum ; a/, 
anal orilicc. 
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and placed very, near the hrain. Tliere are three thoracic and 


0 



Pro. 256. — The jinir of uniteil ovarifs of Perlti 
viaxinia ; o, egg-tubes ; or, oviduct ; r, re- 
ceptaituluiu seiniuis concealing the oritice of 
the duct and an accessory gland. 


aix abdominal ganglia on the 
ventral chain. The nerves 
to the wings are connected 
with the longitudinal coni- 
luissures of the ventral chain 
by peculiar, obliquely -placed, 
short commissures. The repro- 
ductive glands tare i)eculiar, 
inasmuch as in each sex 
the pair of principal glands 
is connected together in the 
middle. The testes thus form 
au aixih consisting of a large 
number of sub-spherical or 
pear - shaped follicles ; the 
vasa deferentia are short in 
Perl a maxima, and tliere are 
no vesiculae seininales; tlie 
ejaculatory duct is divided 
into thivci parts by constric- 


tions. In Pteronarn/s and in Perla hmmdaia, according to 


Newport and iJufcuir, the vasa deferentia are very long and 


tortuous, and thev.' are elongate vesiculae 
scminales. The arrangement of the ex- 
tremely immeTous egg-tubes is analogous to 
that of the follicles of the testes, so that, as 
Dufour says, there is Imt a single ovary ; 
connected with the short, unpaired j)ortion of 
the oviduct, tliere is a large receptaeiiluiu 
seminis, and near the terminal orifice of 
the duct there is in P. maxima an eight- 
lobed accessory gland. fio. 257. —Egg of Perla 

The eggs are produced by Perlidae in waxma. (After imhof.) 
enormous numbers: they are rather small, covering of 

hut peculiar in form, and possess at one 

extremity a'micropyle apparatus, covered canals penetrating' 
by a glas^" substance through which Imhof 



could find no orifice. On the other hand, the chorion on another 
part of the egg is perforated by several canals. 
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The Perlhlae l)eing of iujuatic habits in their early stages, 
and, notwithstanding their ample wings, very poor adepts in the 
art of flying, are rarely found at any considerable distance from 
their native element. They are specially fond of vuiming water, 
and delight in the neighbourhood of waterfalls, or other spots 
where the current is broken by obstticles so that a foaming water 
results. It is prolmble that the larvae which breathe by means 
of ^ills find an advantage in living in strongly-aerated water. 
Mountain streams anil toiTents ai'e therefore specially affected by 
them ; but Pictet informs us that they do not like the waters 
descending from glaciers. The food of the larvae is 1 relieved to 
l>e chiefly young may-flies, or otlier small, soft creatures, and it 
may possibly be owing to the al)sence of tliese tluit the Peiiiilae 
do not affect the glacier strciims. Although Peiiidae are remark- 
able for their capacity for enduring cold, it is possible tliat tliey 
may require warmth of the water at some period of their 
development, and this the glacier-streams ainnot otter to them. 
They are among the earliest Insects to appear in the spring in 
Europe. Mr. Barnston says tliat on the All)any river in (.'anada 
the n^mph of Ofqmia rernftiis comes up frequently in the cracks 
of the ice and exists its skin there; "it frequently comes up 
when the thermometer stands at freezing.” Of Nemoura f/lrteialisy 
which inhabits similar localities, he says that " it aj)pear8 in the 
spring (end of March or l)eginiiing of April) when tlie ice 
becomes honeycoml)(Ml, and even l)eforo then, at the same time 
as Capnia 'ccrnalis. It pail’s in the crevices of decaying ice. 
The male has long antennae, and his wings are genemlly rumpled 
as if glued together.” Xewi)ort entertained the idea that those 
Perlidae that live at low tempemtures are of lower organisation 
than the other forms of the family. 

It is a remarkable fact that several Perlidae frequently 
have — like Nmioura glacialis — the wings of the male much 
reduced in size ; this Iwung the contrary of the rule that 
usually prevails among Insects to tlie efiect that, when there is a 
difference in the powers of flight, or even in the size of the wings, 
it is the male that is superior. Mr. J. J. Lister met with a very 
interesting Perlid at L(xjh Tanna in Arran at the lieginning of 
April 1892. In tins Insect, which is, according to Mr. 
M*Lachlan, a fonn of Isogema nuheculciy the wings of the female 
^ (Fig. 258, B) are reduced to a size much less than those of ordinary 
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Fio. 258. — Tftofjenna mihfnUa^ Locli Tanna. 
Male ; A\ wings of male more magnified 
wings of feniali*. 


Perlidae, while those of the male (Fig. 258, A) are mere useless 
rudiments. Morton has pointed out that in Scotland more 
than one species of Taeniopteryx ocjcasionally produces micro- 
pterous males, and he associates this phenomenon with the early ' 

time of their appearance 
"almost in winter.”' In 
Neimura trifasciata this 
reduction of the wings 
takes another but equally 
curious form ; the hind 
wings of the male l3eing 
long enough to cover the 
l)ody, while the anterior 
pair are reduced to mere 
rudiments. 

Tlie phenomena of mi- 
cropterism in Perlidae are 
well worthy of more de- 
tailed investigation, Mr. 
Morton informs the writer tliat the male of Perla maxima (Fig. 
251) in North Britain has the wings so short that they cannot 
be of any use as organs of flight. In Central Europe the wdngs aiv 
ample, as shown in our figure. In Perla ccphalotes tlie male is 
short-winged in botli Britain and Central Europe ; of the male of 
Dictyoptoyx microcephala only the inicropterous form is known to 
exist. In Isoyefius nnlecnla 258) it ai)pears that the 
wings of the female are always more ample than those of the 
male of the same locality, and that local micropterism affects 
the two sexes unequally. Within the Arctic circle tliis Insect 
is usually of the Scotch form, though the male there occasionally 
has more ample wings. 

It has been observed that in some Perlidae the eggs, after 
they liave lieen extruded, are carried about by the female ; for 
what reason is not at all knowm. They are said to be enclosed 
in a membranous capsule at the apex of tlie abdomen. The 
number of eggs deposited is sometimes very large, amounting to 
five or six thousand, and they are often of very minute size. 

About twenty-four species of Perlidae occur in Britain.^ The 


^ Entotn, MoiUh, Mag, xxix. 1893, p. 249. 

^ No satisfactory systematic work of a general character on Biitish Porlidao 
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species from all parts of the world existing in collections probably 
'Scarcely exceed two hundred. The insignificance of this number 
is JK> doubt chiefly due to the fact that these unattractive Insects 
are rarely captured by collectora, and are so fragile that imless 
good care ih taken of them, specimens soon go to destruction 
after being dried. Ferlidae are know^. to occur in most parts 
of the world, so that the number of species really existing may 
readi two or three thousand. They are known to anglers as 
stone-flies and creepers and are a favourite bait for trout. 

The family in its cliaracter comes near to tlie Orthoptera, 
especially to the more simple forms of Fhasmidoe, but the two 
groups differ in the texture of the 
front wings and in tlie structure 
of the mouth-parts, as well as in 
the different proportions of the 
mesothorax and metathorax. Ac- 
cording to Fictet, in the Australian 
genus Eitsthenia the trophi (Fig. 

259) approach nearer to those of 
the Orthoptera, so that it appears 
possible that a more intimate con- 
nexion will be found to exist as more 259 ^ 

forma are diacovered. Of the groupa of Jimthenin spectMiu, (After 
we incliale in Neuroptc^ra, Perlidae ^>ictot.) 
are in structure most allied to Sialidae, but the development in 
the two groups exhibits very important distinctions, leaner 
treats the Perlidae as forming a distinct Order called Plecop- 
tera, a name applied to the family by Burineister many years 
ago. 

Several species of Perlidae, considered to belong to existing 
genera, have been found in amber. A fossil from the Eocene 
deposits in the Isle of Wight and another from the Miocene of 
Continental Europe are. referred to the family. Brauer has 
recently described^ some fossils from the Jurassic formation in 
East Siberia as forming three genera, now extinct, of Perlidae. 

Brongniart informs us ^ that several fossils have been found 

exists. References to the scattered descriptions and notes will l>e found in the 
Catalogue of British Neuropteiu published by Eutoni. Soc. London, 1S70. 

^ J/cwi. Ae, (7) xxxvi. No. 15, 1889. 

^ * InseetesfossilcB^ etc., p. 407, 1893. 
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in the CarbonifeTous strata of Conunentry that justify us in 
asserting that allies of Perlidae then existed. He considers these 
Carboniferous Insects to have belonged to a separate family, 
Protoperlides. The fragments are, however, so small that we 
must await further information before forming a definite opinion 
as to these Protoperlides. 



CHAPTER XVIII 


AMPHIBIOUS :^EUROPTEKA COyTlXUED — ODOXATA, DIUGOX-FIJES 

Fam. VL Odonata — Dragon-flies. 

(LIBELLULIDAE OF SOME AUTHORS) 

Elongate Insects with very mohile head and large eyes, tvitk small 
and inconspicuous antenrme ending in a bristle; with four 
elongate tvings sub-equal in size and similar in texture, of 
papyraceous consistency and having many veinleis, so that 
\there exists a large number of small cells. All the leys placed 
hore anteriorly than the wings. The earlier stages of the 
life are aquatic ; there is great change in the appearance if 
the individual at the final cedysis, but there is no pupal 
instar. 

The dragon-flies form a very natural and distinct group of 
Insects. All the species are recognised with ease as belonging 
to the f4niily. They are invariably provided with wings in the 
perfect state, and many of them are amongst the most active of 
Insects. Their anatomy is, in several respects, very remarkable. 

The head is large and is concave liehind ; it is attached to 
the tliorax in such a way that it rotates on two cervical sclerites 
that project forwards, and in some cases almost meet in a point 
in front; hence it possesses extreme mobility, the power of 
rotation being very great. 

The eyes are always large ; in some cases they are even enor- 
mous, and occupy the larger part of the area of the head: the 
upperi facets of the eye are in many cases larger than the 
lower, and in a few forms the line of division is sharply marked 
transversely. There are three ocelli, which, when the size of 
^ the compound eyes is not too great, are placed in the usual 
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manner as a triangle on the vertex; but in the forms where 
the compound eyes are very large the portion of the head 
between is, as it were, puffed out so as to form a projection just 
in front of where the eyes meet, and one ocellus is then placed 
on each side of this projection, an antenna being inserted quite 
close to it ; the third ocellus is placed in front of the projection 



Fio. 260. — Aimxf&mosua, Brituiii. (After Migneaux.) (Tlie legs are not in a 
natural jiositioii.) 


we have mentioned, by wliich it is often much concealed ; tliis 
anterior ocellus is in some cases of unusually large size, and oval 
or transverse in form. 

The parts of the mouth are very peculiar, especially the 
lower lip : we will briefly allude to its characters in the highly 
modified forms, premising that in the smaller and less active 
species it is less remarkable. The Libellulidae are Cfirnivorous, 
their prey being living Insects which are captured by the dragon- 
fly on the wing ; it is believed tjfiat the mouth is largely instru- 
mental in the capture, though tlie flight of these Insects is so 
excessively rapid tliat it is difficult, if not impossible, to verify 
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the action of tlie mouthpieces by actual observation, ¥ov the 
purpose of securing the prey a mouth that am change its 
capacity to a considerable extent and with rapidity is a desider- 
atum, and these qualities are present in the mouths of those 
Litellulidae that capture their prey while hawking. The upj)er lip 
is very mobile, is pendent, and closes ^tbe moutli above, while the 
lower lip entirely closes the under part by means of two mobile 
plates; these in some forms (Libelhda) meet together in the 
mesial line, while in others a third plate separates them in the 
middle (Fig. 2 6 1 , B, /i). These plates are, according to GerstaeckeFs 
view,^ portions of the much changed labial palpi, the part that 
separates them in AeseJina being the inner lobes of the labial max- 
illae ; in Libelluhi, where the dilated and valvi»-like joints of the 

Fjq. 261.— a. Maxilla 
of Libelluhi qmuL 
rmacuMtn ; B,la- 
1)ium of Aesehna 
grand is, 

^ PalpuH ; ff, ier- 

J minal spine of 

^ palpus ; c, ennlo ; 

stipes ; «r,sc[uaiiia ; 
k, outer lohe of 
maxilla, partly 

covered by, 
inner 1 o1k 3 ; 
liieiituiu ; r, inter* 
veiling IoIh*. (Alter 
Gerstacckur.) 

palpi meet in the midtile lino, the labial lol)es remain small and are 
overlapped by the dilated portions of the pal])i. The maxilLu; 
proper (Fig. 261, A) are less peculiar, their chief character being 
that the inner and outer lolies are not separated, and tliat the palpus 
is of only one joint. Souk; entomolijgists take, however, another 
view of this structure, looking on the palj)-like outer part (p of 
our figure) as the true outer IoIhj of the maxillae, the palpus 
proper being in that case considered to be cntir(*ly alisent. The 
mandibles are very powerful, and armed with Lirgidy deviiloped 
teeth. In the interior of the mouth there is a large, free, semi- 
membranous lingua, the posterior part of its delicate inferior 
lamina being connected with the mentum ; the upper lamina of 
the lingua is stronger and is pilose. The antennae of the dragon- 
flies are always small, and consist of two stouter joints at the 

^ Festschrift Oea, naturf Freunde Berlin^ 1873. 
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base, anil a terminal part which is very slender and pointed, and 
formed of four or five joints. 

The prothorax is always small ; the pronotum is distinct, 
though in some forms it is quite concealed in the concavity of 
the back of the head ; the sternum is small ; the anatomy of the 
pleura and basal pieces of the legs is obscure. 

The meso- aiid meta-thorax are very intimately combined, 
and their relations are such that the former is placed much 

above the latter. This 
peculiarity is carried to its 
greatest extent in some of 
the Agrioninae (Fig. 262, 
A), where not only are 
the wings placed at a 
considerable ilistance be- 
hind the three pairs of 
legs, but also the front 
pair of wings is placed 
almost directly above the* 
hind pair. In the Anisop- 
terides these peculiarities 
are much less marked 
(Fig. 262,11), nevertheless 
even in them the three 
pairs of legs are placed 
^ quite in front of the wings. 

i>eculiar structure of 
* * ' • the wing-lxjaring segments 

Pio. 262.— A, Agrion pidchellum, natural size ; B. is accompanied by ail 

development of 
the pleura, which, indeed, 
actually form the larger part, if not nearly the whole, of the 
front region of the dorsal aspect of these two segments. We 
sliaU not enter into more minute particulars as to the struc- 
ture of the thorax, for difference of opinion prevails as to the 
interpretation of the p«irts.^ The abdomen is remarkable for 
its elongation j-it is never broad, and in some genera — Mecisto- 
gaster, e.g . — it attains a length and slenderness which are not 

’ Referenc may be made to Calvert's recent paper introdnctory to the study of 
Odonata, iu Tr. Amer, ent. Soe. xz. 1898, pp, 169*161. 
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reached hy any otlier Insects. It consists of ten segments anil 
a pair of terminal calliper-like or flap-like processes of very 
various sizes and forms. 

The wings of the dragon-flies are usually transparent and 
provided with a multitude of small meshes. The hind wings 
are about as large as the front pair/fer even a little larger ; the 
main nervures have a sub-parallel course, and are placed in 
greater part on the anterior region of each wing. The rtdations 
of the more constant nemires and the cells of which they are 
parts form a complex subject, and are amongst the moat im- 
portant of the characters used in classifying these Insects. The 
wings are always elongate in comparison to their breadth and 
have no folds ; they are held partially extended, or are placed 
so as to project backwards, or backwards and outwards. They 
exhibit another peculiarity, inasmuch as the front or costal 
margin is slightly uneven Ijefore or near the middle, giving 
rise to an ap])earauce such as might result from the l)reaking 
and subsequent mending of the marginal rib at the spot in 
question, wdiich is called the nodus. In some forms a peculiar 
cliarj^ster exists in the shape of a small oj)aque space called the 
meinbranule, lying close to the body of the Insect in the anal 
area of the wing, as sliown in Fig. 260. 

The legs are slender and are chiefly remarkable ibr the 
beautiful series of liair-like spines with which they are armed, 
and which in some forms (e.g. Plati/cnemis, Fig. 264) are ol’ 
considerable length. We believe that the legs are of great 
importance in capturing the prey, they being held somewhat 
in the position shown in Fig. 262, C. The tarsi are three*- 
jointed. In the male of Lihelhff/o ridiffata the legs exhilat a 
remarkable condition, the tibiae l)eing dilated, and on the uj^per 
side of a vivid red colour, while below they are white. This 
coloration and form are each unusual in the family. The male 
of Platycnemis pennipes, a liritish species (Fig. 264), shows a 
similar dilatation of the tibiae, but to a less extent and without 
any great difference in tlie colour of tlic two faces of the dilata- 
tion. This dilatation reaches its maximum in Psilocnemis 
lUlatipes M'Lach. The position of the legs in redation to 
the other parts of the l)ody is peculiar to the dragon-flies ; the 
legs seem to be unfit for walking, the Inst*cts never using them 
for that purpose. 
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Severeil peculiarities in the internal anatcnny deseirve notice. 
The alimentary canal in Lihttlula is about as long as the body, 
the oesophagus and chylific stomach being elongate, while the 
intestine is short and divided into only two parts ; there is no 
definite proventriculus. The Malpighian tubules are shorter 
than usual ; they are about forty in number. The male has no 
vesiculae serninales; the vasa deferentia are elongate^ and the 
ejaculatory duct is very short, being in fact merely a common 
sinus formed by the terminations of the vasa deferentia. Tlie 
opening of this duct is situated on the penultimate ventral plate;’ 
the organs of intromission are, liowevcr, placed much anterior 
to this, on the under side of the second segment. The mode in 
which the fertilising fluid is transferred from the ninth to the 
second segment is not well understood, but it is known that 
the abdomen is flexed by the Insect so as to bring the ninth 
ventral plate into contact with the second. The three thoracic 
ganglia of the nervous chain are all contiguous, though not 
completely amalgamated ; the abdominal ganglia are seven in 
number, and are all separaUMi, the terminal one being larger than 
the others. Dufour, after repeated disscections, was unable to find 
any salivary glands, but Olga Poletajewa ' states that they exist. 

The Odonata must be ranked among tlie most highly- 
organised Insects so far as external structure and powers of 
locomotion are concerned ; the peculiar modifications of tlie 
thoracic segments* and the relative positions of the wings and 
legs mark a great departure from the normal type of Insect 
structure. Their prey consists of living Insects, which they ctip- 
ture on the wing l^y their own superior powers of flight. They 
destroy a great many Insects, their appetite for food being, as in 
the cases of the Mantidae and of the tiger- beetles, apparently 
almost insatialJe. They are admirably constructed for the pur- 
poses of their predatory lives ; they fly with great swiftness and 
change the direction of their flight with admirable facility. 
They are, however, dependent on sunshine, and conceal them- 
selves in dull and cloudy weather. The larger Insects of the 
family belong to the division Anisopterides (Fig. 260, Arutx 
formos'us), and some of these may, in our own countrj’’, usually be 
seen, in the bright sunshine of the summer and autumn, engaged 
in hawking in their favourite haunts. Places where other Insects 
^ //orae Soc, cnt Eoss. xvi. 1881, p. 8. 
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abound are natiarally those most frequented ; the glades of woods, 
country lanes and hedge-sides, the IxJrders of streams and the 
margins of sheets of water are the places they most affect. They 
inspire the rustics with some feeling of fear, and hence have 
received the name of " horse-stingers,” and in North America are 
ciilled “deviVs darning-needles.” Tlio; aversion to dragon-flies 
may perhaps be due to their appearance, which is certainly, in 
the case of some of our species of AescJma, Cordidegmter, and 
Goraphus, very remarkable, consisting of a dark ground-colour 
with bars and spots of vivid green or yellow, giving, it must be 
admitted, a peculiar, even savage appearance to the Insects. 
Whatever the reason may l)e, they are, it is certain, held in much 
fear, and it is difficult to induce a country lad to touch one even 
when it is captured and lield by auotlier person. The idea of 
<lragon-flies l)cing dangerous to anything but their Insect victims 
is, however, entirely erroneous; they may be captured and 
handled without their inflicting any injury. It is probable that 
the life of the imago may endure for several weeks if not months. 
It is known that Sympycna fused — a common European though 
not Bi^tish dragon-fly — hibernates in the imago state. 

In the case of the large dragon-flies we have mentioned, each 
individual appears to have a domain, as it were, of its own. 
Westwood tells us that he has seen what he beliiived to be the 
same individual hawking daily for several weeks together over a 
small pond. The writer obmuwed a si)ecinien of Uordulcgaster 
annulntus to frequent a particular bush, to which it returned 
— frequently to the same leaf — after an excursion in search 
of food. The way in which these Insects actually seize their 

prey has not yet been made clear; it is certain that they 

capture flying Insects, and it seems most probabh?, as we 
have already siiid, that this is done by means of the legs. 

These, as we have said, are inserted so as to be very near 

to the mouth; they are directed forwards, and are held bent 
at right angles so as to form a sort of net, and are armed 
with a beautiful system of fine spines; it is probable that 
if the dragon-fly pursue an Insect on the wing and strike it 
with tiie trap, formed by its six legs (Fig. 262, C), then these 
immediately come together under the mouth, so that the victim, 
directly it is captured by the leg-trap of its pursuer, finds 
itself in the jaws of its destroyer. It is perhaps impossible to 
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verify tliis by octutil observation, us the act of capture and trans- 
fer is so very brief and is performed in the midst of a rapid 
dash of flight, but it seems more probable that the prey is first 
struck by the legs than that the mouth is the primary instrument 
of captury. The excessive mobility of the head permits the victim 
to be instantly secured by the mouth, and the captured fly is 
turned about by this and tiie front pair of legs, and is nipped 
rapidly so that the wings and drier parts fall off; the more 
juicy parts of the prey are sj)eedily squeezed into a little ball, 
which is then swallowed, or perhaps we should rather say tliat 
the mouth closes on it, and submits it to further X)res8ure for the 

extraction of the juices. We 
have already noted that many of 
these large and active dragon- 
flies, particularly in the Libellii- 
linae and Aeschninae, have their 
eyes distinctly divided into two 
parts, the facets in the lower 
part of the (‘ye being different’ 
from those of the upper part. 
Exner cousidcu’s ^ that the upper 
division is for the perception oi* 
movement, the lower for th(‘ 
perception of the form of rest- 
ing objects, riateau thinks ^ 
that the dragon-flies ])t‘rceive 
only movement, not form. 

The splendid acts of flight 
of the Anisopterid Odonata are 

of rtijjlit, viz. some of the diitiiious t i i i *1 

ridges at base of tlie upper wing, and aCCOinpliSIlcd by tllC aid ot a 

some of the insertions of the tendons complex arrangement of chitin- 
of iiiuseles. A, line of section through . ^ i i. ^ i 

base of Iipiwr wing, the wing iniiiig OU8 pieces at the Duses of the 

supposed to be directed backwards ; 0, Yvings (Fi*^ 26 »‘ 0 . Ill IllSwts 

upper portion of meeliaiiism of the . ® /’ 

lower wiug ; ft, lever extending between With considerable powers ot 

the two wings, thc hind wiiigs are usually 

subordinate in functional im- 
portance to the anterior, to which they are attached by a series 
of hooks, or some other simple mechanism, on the W’ings. 



' Physiol, facetl, Avg, 1891, p. Hi'*. 

^ Butl, Ac, Belgique (3), xvi. 1888, No. 11, 31. 
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In the Odonata the two wings of each j)air are quite free, but 
they are perhaps brought into correlative action by means of a 
lever of unusual length existing amongst the chitinous pieces in 
the body wall at the base of the wings (Fig. 2615, fc)* wing 

muscles are large; according to von I.iendenfeld ^ there are tlirce 
elevator, five depressor, and one ailductor niuselcs to each wing : 
he describes the wing movements as the results of the correlative 
action of numerous muscles and ligaments, and of a great num- 
ber of chitinous pieces connected in a jointed manner. 

Amans^ has suggested that the mechanism of flight of the 
dragon-fly would form a suitable moilel for a flying-machine, to 
be propelled by electricity. 



Fia. 264 . — PlatycnemU pennipts^ 6 , Britain. 


The Zygopteridea — the Wicond of the two divisions of the 
Odonata — are Insects diffei'ent in many respects from the large 
and robust Anisopterides. The division comprises the delicate 
Insects called “demoiselles,” damsel-flies, by the French (Fig. 
262, A, and Fig. 264). Great power of flight is not possessed by 
these more fragile Insects ; they flit #bout in the most gentle 
and airy manner from stem to stem of the aquatic plants and 
grasses that flourish in the localities they love. To this group 
belongs the fairy-like Insects of the genus Calepteryx, in which 
various parts of the body and wings are suffused with exquisite 

^ SB» Ak, Wien, Ixxxiil. 1881, pp. 289-376, pl«. i.-vil. 

• ° Rev, Sci, Montpellier (3), ii. p. 470. 
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metallic tints, while sometimes the two sexes of one species have 
differently coloured wings. The smallest and most delicate 
dragon-flies that are known are found in the tropics; some of 
the genera allied to Agrion consist of Insects of extraordinary 
fragility and delicacy. 

Although the mature Odonata are so pre-eminently endowed 
for an aerial and active life, yet in the earlier stages of their 
existence they are very different ; they are then, without excep- 
tion, of aquatic habits; though carnivorous also in this period 
of their existence, they are sluggish in movement, lurking in 
concealment and mpturing their prey by means of a peculiar 
conformation of the mouth, that we shall subsc^quently describe. 
Their life-histories are only very imperfectly known. 

The eggs are deposited either in the water or in the stem of 
some aquatic plant, the female Insect occasionally undergoing 
submersion in order to accomplish the act. The young on 
hatching are destitute of any traces of wings (Fig. 265), and the 
structure of the thoracic segments is totally difterent from what 
it is ill the adult, the rectal respiratory system (Fig. 265, to 
which we shall subsequently allude, being, however, already presi^nt. 
Tlie wings are said to make their first appearance only at the third 
or fourth inoidt. At this time the pleura of the second and third 
thoracic segments have grown in a peculiar manner so as to form 
a lateral plate (Fig. 206, B, shows this plate at a later stage), and 
the wing-i)ad8 appear as small projc?c.tious from the membranes at 
the upper margins of these pleural jilates (Fig. 266, A, B). The 
plates increase in size during the subsequent stadia, and meet 
over the bases of the wing-pads, which also become much longer 
than they were at first. The number of moults that occur iluring 
growth has not been observed in the case of any species, but they 
are Ixdieved to be numerous. There is no pupa, nor is there any 
well-marked quiescent stage preceding the assumption of the 
winged form at the last ecdysis, although at the latter jmrt of its 
life the nyinph appears to l)e more inactive than usual. When full 
grown, the nymph is more like the future perfect Insect than it was 
at first, and presents the appearance shown in Figs. 266 and 270. 
At this stage it crawls but of the water and clings to some sup- 
port such as the stem or leaf of an aquatic plant ; a few minutes 
after doing so the skin of the back of the thoracic region splits, 
and the imago emerges jrom the nymphal skin. The nymphs < 
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never have the body bo elongate as the jierfect Insect, the differ- 
ence in this respect being frequently great, and the nymphs of 
the subfemily Libelhilinae being very broad (Fig. 266, nymph of 
Ictinus sp.); consequently the creature on emergence from the 
nymph -skin is very much shorter than it will soon become. 



Fin. 265. — Larva of Diplax just liatclieil. w, 
a ganglion of the ventral chain ; t/, dorsal 
vessel ; .r, tracheal network round rectum, 
(After Packard, P, Boston Soc, xL 1868, 
p. 365.) 



Fm, 266 , — htitivs sp., nymph, Hima- 
laya. A, Dorsal, B, lateral view. 
(After Cabot.) 


Extension begins to take place almost immediately ; it has been 
thought by some that this is accomplished by swallowipg air ; 
this is, however, uncertain. At first the wings have only the 
lengtliof the wing-pads of the nymph, and their apical portion 
is an unformed mass. The colour of tlie perfect Insect is not 
present when the emergence takes place. The wing grows 
^quickly until the full length is attained. In the genus Agrion 
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the expansion of the wings is accompanied by frequent eleva- 



tions and depressions of the body, and 
occupies an hour or So; the elongation 
of the abdomen is not so soon completed, 
and its brilliant colours do not appear 
for several hours. 

The mouth of thenymphljears a remark- 
able structure called the mask (Fig. 268). 
It is api)arently formed l)y a backward 
growth of the leases of the labium and lingua, 
a hinge l)eing formed between the two at 
the most posterior point of their growth. 
The prolonged portions of these parts 


Fio. 267. -Young nymph of are free : usually the mask is folded under 

Aesrhna 8p. (Cambridge) head, l)ut it can be uiifoldcd and 
about fourth moult. ' . . , 

thrust forward, remaining then attached 


to the head l)y means of the moi’e anterior 
parts of the lingua and by the maxillae, 
the whole of the elongate apparatus be- 
ing, when used, extended from this anterior 
part of its attachment. The front parts 
of the lal)ium form a prehensile appa- 
ratus armed with sliarp teeth, so that the 
structures make altogether a very effectual 
trap, that can be extended in order to 
secure the prey. 

The fact that the dragon-fly passes 
suddenly, in the middle of its existence, 
from an aciiuitic to an aerial life, makes 
the condition of its respiratory organs a 
subject for inquiry of more than usual 
interest. Reaumur was of opinion that 
the nymph was, in spite of its aquatic 
existence, provided with an extensive 
system of stigmata or orifices for breath- 
ing air; this was, however, denied by 
Diifour, and his opinion seemed to be 
supported by the fact that other means 
of obtaining air were discovered to exist 



Fig. 268. - — Umler side of 
liend of GalepUryx virgo^ 
nymph, vritli moMk un- 
folded. a, Lingua ; 
line from which the mask 
swings ; c, line of doub- 
ling up ; rf, lower lip pro- 
jjer ; articulated lateral 
processes thereof. 


in these nymphs. The inquiries connected mth. the respiration . 
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of Odonata are still very iucoinplete, but some interesting points 
have been ascertained, the most important of which is perhaps 
the existence in some foms of a 
respiratory system in connexion 
with the posterior part of tlie ali- 
mentary canal (Fig. 269). In the 
nymphs of Anisopterides the system 
consists of four main tmcheal 
trunks, traversing the length of 
the body, and by their ramifica- 
tions and inosculations forming an 
extensive aiiparatua. Connecited 
with the four main trunks wo 
liave descrilied, there is a shorter 
pair confined to the abdomen, 
where it siqiplies a hfi’ge number 
of branches to the walls of the 
stomach. The dorsal pair of the 
main tubes give numerous sub- 
sidiary branches to tlie outside of 
the rectum, and the ventral pair 
furnish a smaller number. Tho 
walls of the gut are penetrated hy 
the branches, whicli inside the 
rectum form numerous loops; these, covered by a membrane, 
project into the interior in the form of multitudinous papillae 
(/Esclininae). In tlie Liliellulinae the jiapillae are replaced by 
more flattened processes or lamellae. The structures attain a 
remarkable development, there being in Aeschna cyanca upwards 
of 24,000 xiapillae. 

These rectal gills obtain air from water admitted into the 
rectum for the purpose ; the extremity of the body being armed 
with jn’ojections of variable form, that can be separated to 
allow ingress and egi’ess of the fluid, or brought into close 
apposition so as to close the orifice. The water so taken in 
can, by some 8j)ecie8, be ejected with force, and is used occji- 
sionally as a means of locomotion. These rectal branchiae can 
a1)8orb free air, as well as air dissolved in water. If tlie fluid 
in which the creatures are placed has been previously boiled, 
so as to expel the air from it, the nymphs then thrust tlie 



Fi(». 260. — Portion of tracheal .system 
of nynipli of Am'hm ct/anea. 
Jit Jif Jii Ji% rectum ; J, anus ; tdf 
dorsal ; Iv, ventral, traclieal tnlies ; 

Malpighian tul>e.s, (After Ous- 
talet.) 
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extremity of the body out of the water and so obtain a supply 
of air. 

Oustalet and Palm<?n state that at the last ecdysis the 
himellae, or the papillae, do not disappear, but remain quite 
empty, and are consequently functionless, while on the tracheal 
trunks there are developed air vesicles to fit the creature for its 
aerial career. Hagen says that in Epitheca the whole structure 
of the gills is shed at the final moult. 

The subject of the. rectal branchiae of Libellula has been dis- 
cussed and illustrated l)y 
Chun,^ who states that I^ey- 
dig has made known that in 
rtmyganm grandu a structure 
is found connecting the rectal 
branchiae of I/thellulassiih the 
rectal glands of some oth(*r 
Insects. We have not been 
able to find a confirmation of 
tills in tile writings of Leydig 
or elsewhere. 

in the nymphs of the 
Zygoptcric les the highly - de- 
A'cloped rectal branchiae found 
in the Aeschninae and Libel- 
liilinae do not exist, and the 
respiration seems to lie of a 
complex character. In one 
division of the Zygopterides 
- - Oalepteryginae — rectal 
Fifj. riryo, miiture iiyiin»li, gills of an imperfect character 

are said by Hagen and others 
to exist.® The nymphs of the Zygopterides are provided with three 
mobile processes at the extremity of the body (Fig. 270); these serve 
the purposes of locomotion. They are believed to possess also a 
respiratory function, but this must be of an accessory nature, for 
the nymphs live after the removal of the processes, and indeed 
reproduce them; the skin of these processes is harder than is 
usual in Insect gills. In the nymph of Euphaea — a genus of 
Oalepteryginae found in tropical Asia — there are also external 
^ Ahh. JSenckenh. Ges, x. 1875, p. 13, pi. iii. ^ ZooL Anz, iii. 1880, p. 160. , 
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abdominal gills, and in this ease I'espiration may, according to 
Hagen,^ take place in four different manners : (1) l)y ten pairs of 
stigmata ; (2) by lateral branchiate well furnished with tracheae ; 
(3) by ctxudal branchiae; (4) by rectal branchiae. It is further 
said that in this Insect the lateral l)ranchiae persist in the imago. 

Although the means of res])iration of the nymphs have V)eeii 
fairly well ascertained, yet tlie mode in which the iiympli is 
prepared for the sudden change from tlie aquatic to aerial life 
is still obscure, the condition of the stigmata not being 
tlioroughly elucidated. It appears pr()l)able, liowever, that tlie 
young nymph has no stigmata ; that these organs apjiear in tlu^ 
course of its development, being at first quite iiui)er\ ious, but 
becoming — at any rate in the case of the larg(*r and morii im- 
])ortant pair — open previous to the final eedysis. W(» liave 
mentioned the contradictory opinions of Ileaumur and Dufour, 
and will now’' add the views of some motlern investigators. 
Oustalet says ^ that there are two pairs of spiracles in tlu^ 
nymphs; tlie first ]»air is quite visible to the naked eye, and is 
situate betw’een pro- and meso-notuin ; it is in the nymph closed 
by a membrane. The other pair of spiracles is placed a) m)v<* Mk*, 
posteHor pair of logs, is small and (M)mplijtely closed. Ih^ does 
not state what stage of growth was attained by the nymphs lu^ 
examined. Palmmi was of o])inioii that not only thoracic but 
abdominal sjiiracles exist in the nyiiqdi,^ and that they aie com- 
pletely closed so that no air enters them ; he says that the. 
s|)iracles have traclunie connected wn'th them, that at each moult 
the ])art closing the spiracles is shed with some of the traclu^al 
exuviae attached to it. The breathing orifices are therefon^ for a 
short time at each eedysis open, being subseipiently again closed 
by some exudation or secretion. This view of ralmen's has been 
thought improbable by Tlageii and Dewitz, who ojieratiMl by 
placing nymiihs in alcohol or warm water and obstuving thi' 
escape of bubbles from the spots where the siqiposiMl lireathing 
orifices are situate. Both these observers found much diffenmee 
in the results obtained in the cases of young and of edd nymphs. 
Hagen concludes that the first pair of tlioracic sjiiracles are 
functionally active, and that abdominal stigmata exist though 

' CR» Soc, ent, Belgiqw^ xxiii. 1880, p. Ixvii. 

* Ann, Sci. Nat. (5) xi. Zool, 1869, p. 377. 

® Ztir Morpholoffie den Tracticeninjskms, Helsingfors, 1877, p. 38. 
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fulictionless ; he appears to be of opinion that when the first 
thoracic stigma is closed this is the result of the abutting against 
it of a closed trachea. Dewitz found ^ that in the adult nymph 
of Aeschnci the thoracic stigma is well developed, while the otiier 
stigmata — to what number and in what position is not stated — 
are very small. In a half-grown Aeschnid nymj)h he found the 
thoracic stigma to be present in an undeveloped form. On placing 
a full-grown nymph in alcohol, gas esaiped from the stigma in 
question, but in immature nymphs no escape of gas occurred 
although they were subjected to a severe test. A specimen that, 
when submitted to the above-mentioned immersion, emitted gas, 
subsecpiently moulted, and thereafter air e8(jaj)ed from the 
spiracle previously impervious. The observations of Hagen and 
Dewitz are perhaps not so adverse to the views of Palin^n as lias 
been supposed, so that it would not Ijc a matter for surprise if 
Palmen’s views on this point should l)e shown to l)e quite correct. 

The number of species of Odonata or Libellulidae that have 
been described is somewhat less than two thousand, Init constant 
additions are made to the uuml>er, and when the smaller and more 
fragile forms from tlie tropics are (follected and worked out it will 
probaldy be found that the number of existing species is somewhere 
between five and ten thousand. They are distributed all over 
the world, but are most numerous in species in the warmer regions, 
and their predominance in any one locality is very iniicli regulated 
by the existence of waters suitable for tlie early stages of their 
lives. 

A good work on the British Odonata is still a desideratum.*^ 
In Brit^iin about forty-six species are Ixjlieved to be native. They 
are sjiid to be of late years less numerous than they used to be. 
Notwithstanding their great powers of flight, dragon-flies are 
destroyed by birds of various kinds ; several hawks are said to be 
very fond of them, and Merojis persicus to line its nest with their 
wings. The number of Insects killed by dragon-flies in places 
where they are abundant must be enormous ; the nymphs, too, 

> ^ooh Anx, xiiL 1890, p. 500. 

^ The following works oonvey the best information : Evans’s British Lihellulinae or 
J)ragon-JlieSf i\hi&tra.ted in a series of lithographic drawings, 1840. Hagen, ** A 
Synopsis of the British Dragon-flies,” in BiUomdogists* Anmial, 1867. M*Lachlan, 
Catalogue of the British Neuroptera, published by the Entomological Society of London 
in 1870 ; and **The British Dragon-flies annotated,” ErUom, MovUh, Mag, xx. 1884, 
pp. 261-256. 
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are very destructive in the waters they inhabit, so that dragon- 
flies have no doubt been no mean factor in maintaining that 
important and delicate balance of life which it is so diflicailt 
for us to appreciate. The nymphs are no doubt cannibals, 
and this may perhaps be an advantage to the species, as the eggs 
are sometimes deposited in large inmibers in a limited body of 
water, where all must perish if the nymphs did not, after exliaiist- 
ing other food, attack one another. Martin, speaking of the 
Odonata of the Departement de ITndre in France, says : ^ “ The 
eggs, larvae, and nymphs are the prey of several fishes, snakes, 
newts, Coleoptera, aquatic Hemiptera, and of some diving birds. 
Sometimes the destruction is on a considerable scale, and one 
may notice the dragon-flies of some i>iece of water to diminish 
gradually in numbers, while the animals that prey on them 
increase, so that a species may for a time entirely disappear in 
a particular spot, owing to the attacks of some enemy that has 
beciii specially prosperous, and also eager in their pursuit, l)(^ 
Selys found that from a pond filleil with carp, roach, perch, 
and eels, several of the dragon-fly denizens disappeared directly the 
breai^ was introduced.” On the other hand, there can T)e little 
<loubt that the nymphs are sometimes injurious to fish ; it lias 
lieen recxirded that in a piscicultural establishment in Hungary 
50,000 young fishes were put into a pond in spring; in the 
following autuniii only fifty-four fish could be found, but there 
were present an enormous quantity of dragon-fly nymphs. 

Odonata are among the few kinds of Insects that are known 
to form swarms and migrate. Swanns of this kind have been 
frecpiently observed in Europe and in North America ; they 
usually consist of species of the genus LAbellula, luit species of 
various other genera also swanu, and sometimes a swarm may 
consist of more than one species. L. (iiiadrimcmdata is the species 
that perhaps most freipiently forms these swarms in Europe ; 
a large migration of this species is said to occur every year in 
the Charente inferieure from north to south.^ It is needless to 
say that the instincts and stimuli connected witli these migrations 
are not understood. 

Tfce nymphs are capable, under certain circumstances, of 
accommodating themselves to very peculiar conditions of life. 
The Sandwich Islands are extremely poor in stagnant waters, and 
^ Itev, d^Eniomol, v. 1886, p. 232. * Riveau, Fmilh Nat xiu 1882, p. 123. 
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yet there exist in this remote archipelago several highly 
peculiar species of Agrioninae. Mr. E. C. L. Perkins has 
recently discovered that the nymphs of some 
of these are capable of maintaining their 
existence and completing their development 
in tlie small collections of water that accumu- 
late in the leaves of some lilies growing on 
dry land. Tliese nym])h8 (Fig. 271) have a 
shorter mask tliaii occurs, we believe, in 
any other Odonata, and one would supj)ose 
that they must frequently wait long for a 
meal, as they must be dependent on stray 
Insects becoming immersed in these tiny 
reservoirs. Tlie cannibal habits of the 
Odonata probably stand these lily-dwellers 
siiort mask, living in iu good stead ; Mr. Perkins found that there 
wsviinn isiaiuis. x 3. ^cre somctiuies two or three nymphs ot 
ditterent sizes together, and we may suspect 
tliat it sometimes goes liard with the smaller fry. T\m extension* 
in tlie length of the body of oiui of these Iily-fi‘c(iueuting Agrions 
when it leaves the water for its aerial existence is truly extra- 
ordinary. 

The Odonata have no close relations with any other group of 
Iiis(?cts. They were associated by I.rfitreille with the Ephemeridai*, 
in a family called Subulicornia. The members of the two groups 
have, in fact, a certain resemblance iu some of the features of 
their lives, especially in the sudden change, without intermediate 
condition, from aquatic to aerial life; but in all important ])oiuts 
of structuri?, and in their dis])ositions, dragon-flies and may -flies 
are totally dissimilar, and there is no intermediate group to 
connect them. We have alreatly said that the Odonata consist 
of two very distinct divisions — Anisopterides and Zygo})terides. 
The former grouj) comprises the subfamilies Gomphinae, Cordii- 
legasterinae, Aeschninae, Corduliinae, and Liljellulinae, — Insects 
having the hinder wings slightly larger than the anterior pair ; 
while the Zygopterides consist of only two subfamilies — Calcp- 
teryginae and Agrioninae ; they have the w’ings of the two pairs 
equal in size, or the hinder a little the smaller. The two groups 
Gomphinae and Calepteryginae are each, in several respects, of 
lower development than the others, and authorities are divided 
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in opinion as to which of the two should he considered the more 
primitive. It is therefore of much intei’i'st to find that there 
exists an Insect that shares the characters of tlie two primitive 
subfamilies in a striking manner. This Insect, PaUieoiMehia 
mtperstes (Fig. 272), has recently been discovered in Japan, and 
is perhaps tlie most interesting dragon-fiy yet ol)tained. De 
Selys Longchamps refers it to the subfamily Calepteryginae, on 
account of the nature of its wings ; were the Insect, however, 
deprived of these organa, no one would think of referring Valuro- 
phJebia to the group in question, for it has tlie form, colour, and 
appearance of a Gomplunc Odonate. Moreover, the two sexes 


Fig. 272. — Valuen- 
phlphia h'ifpn\sirs. 
A/riie. Tnswrt with 
injys of ono si«lo 
1 1 with two h'js's 
moved ; B, fr<»ut 
•W of Ill'JUl of 
nale ; C, of mule. 
(After l)c Selys, ) 


differ in an important cliaractcr, — tlie form of the lu^ad and eyes. 
Jn tin’s respect tlui fi*niale re.sembles a Gomjihine of inferior 
develoiunent ; while tlie male, by the shape and large .si/e of 
the ocular organs, may be. considered to combim? the characters 
of Gomphinae and (Jaliqiteryginae. The Inst'ct is V(‘ry reniark- 
alile in (jolour, the largti eyes In'ing red in the dead exaiiijdes. 
Wo do not, however, know what may l>e their colour during life, 
as only one pair of the species is known, and there is no record 
as to the life-history and habits. De Selys considers the nearest 
ally of this Insect to be Ileterojihlehia dislocata, a fossil dragon- 
fly foiled in the I..ower Lias of England. 

Numerous fossil dragon-flies are known ; the group is well 
represented in the Tertiary strata, and sjiecimens have been 
^found in amber. In strata of the Secondary age these Insects 
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have been found as far back as the Lower Lias ; their remains 
are said to exist in considerable variety in the strata of that 
epoch, and some of them to testify to the existence at that period 
of dragon-flies as highly specialised as those now living. Accord- 
ing to Hagen ^ Platephemcra antiqua and Gerephemera simplex, 
two Devonian fossils, may be considered as dragon-flies; the 
evidence as to this appears inadequate, and Brongniart refers the 
latter Insect to tlie family Platypterides, and considers Plate- 
phemera to be more allied to the may-flies. 

One of the most remarkable of the numerous discoveries lately 
made in fossil entomology is the finding of remains of huge Insects, 
evidently allied to dragon-flies, in the Carboniferous strata at Com- 
mentry. Brongniart calls these Insects Protodonates,^ and looks on 
them as the precursors of our Odonata. Megancura monyi was 
the largest of these Insects, and measured over two feet across the 
expanded wings. If M. Brongniart correct in his restoration 
of this giant of the Insect world, it much resembled our existing 
dragon-flies, but had a simple structure of the thoracic segments, 
and a simpler system of wiiig-nervures. On p. 276 we figured 
Titanophasma fayoli, considered by Scudder and Brongniart as 
allied to the family Phasmidtie, and we pointed out that tliis 
supposed alliance must at best have teen very remote. This view 
is now taken by M. Brongniart himself,® he having removed the 
Insect from tlie Protophasmides to locate it in tl\e Protodonates 
3iear Meganeura. There appears to be some doubt whether the 
wings supposed to belong to this specimen were really such, or 
belonged rather to some other species. 

' Bull. Mm. Harvard, viii, 1880-81, p. 276. 

^ Inacctea fossilcs, p. 394. ^ InseeUsfossilta, p. 396. 




CHAPTER XIX 

AMPHIBIOUS NEUROPTEKA COXTIXUED KPHEMERIDAE, MAY-FLIES 

Fam. VII. Ephemeridae — May-flies. 

Delicate Iimcts untk atrophied month and S7nall, short antennae; 
with four membranous wmgs 
having much minute c7*os8- 
veining ; the hinder pair very 
muvh smaller than the other 
2 ^iry sometimes entirely absent: 
the body terminated by three 
or two very elongate slender 
tails. The earlier stages are 
piassed through in water ^ and 
the individual then differs 
greatly in appearance from 
the winged Insect ; the ptassage 
between the two forms is sud- 
den; the creature in its first 
winged state is a subimago, 
which by shedding a delicate 
skin reveals the final form of 
the indivuhial. 

The may-flies are well known — in 
literature — as the types of a brief ma 

and ineffective life. This supposed 

brevity relates solely to their existence in the winged form. In 
the earlier stages the may-fly is so unlike its subsequent self 
that it is not recognised as a may-fly by the uninitiated. The 
^ total life of the individual is really quite as long as that of most 
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other Insects. The earlier stages and life-histories of these 
Insects are of great importance. The perfect Insects are so 
delicate and fragile that they shrivel much in drying, and are 
very difficult to preserve in a condition suitable for study. 

The mouth of the imago is atrophied, the tropin scarcely 
existing as separate parts. Packard says that in Palingenia 
hilineata he could discover no certain traces of any of the mouth- 
parts, but in Lcptophlehia cnpida he found, as he thought, the 
rudiments of the maxillae and labium, though not of tlie mandibles. 
The antennae are always short, and consist of one or two thick 
basal joints succeeded by a delicate needle-like segment, which, 

though comparatively long, is 
not divided. The ocular organs 
are remarkable for their large 
size and complex development ; 
they are always larger in the 
male than they are in the 
female. The compound eyes of 
the former sex are in wiitain 
species, €,g, Cloeon (Fig. 274), 
cpiite divided, so that each eye 
becomes a pair of organs of a 



Flo. 274. — Front of head of Cloeon^ male. 
Pillared eye ; sessile eye ; ocellus. 


different character ; one part forms a pillar facetted at its summit, 
while the other part remains as a true eye placed on the side of 
the head ; in front of these compound eyes there are three ocelli. 
Thus the Insect conies to have three different kinds of eyes, 


together seven in number. 


The prothorax is small, the pronotum being, however, ipiite 
distinct. The mesothorax is very large ; its notum forms by far 
the larger part of the upper surface of the thoracic region, the 
metathorax being small and different in structure, resembling 
in appearance a part of the abdomen, so that the liind wings 
look as if they were attached to a first abdominal segment. The 
niesosternum is also disproportionately large in comparison witli 
the homologous piece preceding it, and with that following it. 
The pleural pieces are large, but their structure and disposition are 
only very imperfectly understood. The coxae are small and are 
widely separated, the anterior being, however, more elongate and 
approximate than the others. The other parts of the legs are 
slender ; the number of joints in the tarsi varies from five to one. , 
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Fill. 275 . — ^Wings of Ephemera danica, (Alter Eaton.) 


The legs througliout the family exhibit a considerable variety of 
structure, and the front pair in tlie males of some species are remark- 
ably long. Tlie abdomen is usually slender, and consists of ten 
segments ; the terminal one bears three, or two, very long flexible 
appendages. The first dorsal plate jjf<^.the abdomen is either 
wanting or is concealed to a considerable extent by tlie meta- 
notum. The wings 
are peculiar ; the an- 
terior pair vary a 
great deal in their 
width, but are never 
very long in propor- 
tion to the width ; 
the hind pair are 
always dispropor- 
tionately small, and 
sometimes are quite 
wanting. The vena- 
tion consists of a few, or of a moderate number, of delicate longi- 
tudinal veins that do not pursue a tortuous course, but fretpiently 
are gracefully curved, and form a system of approximately similar 
curvets, most of the veins being of considerable length ; close to the 
anterior margin of the wing there are two or three sub-parallel 
veins. Frequently there are very numerous line, short cross- 
veinlets, but tlu^se vary greatly and may be entirely wanting. 

The earlier stages of the life of Ephemeridae are, it is believed, 
in the case of all the species, aquatic. May-flies, indeed, during 
the period of their post-embryonic development are more inoditied 
for an aipiatic life than any other Insects, and are provided with 
a conqilex apparatus of tracheal gills. The eggs are committed 
to the waters without any care or foresight on the part of the 
])arent flies, thus the embryonic development is also aquatic; 
little, however, is known of it. According to Joly^ the process 
in Faiinyenia viryo is slow. The larva on emerging from the 
egg has no respiratory system, neither could Joly detect any 
circulation or any nervous system. The creature on emergence 
i.? very like Canqmlea in form, possessing long antennae and tails 
— caudal setae. Owing to the organisation being inferior, the 

creature in its earlier stages is called a larvule ; in its later stages 
* ^ Mem. Ac. Scu To%do%isc (7), iii. 1871, p. 379. 
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it is tisosUy spoken of as a nymph, but the tern larva is also 
frequently applied to it. Soon the gills begin to appear in the 
form of small tabular caeca placed in the posterior and upper 
angles of the abdominal rings ; in fifteen days the gills begin to 
assume their characteristic form, are penetrated by tracheae, and 



Fiq. 276. — Nymph of CloHon dipterunu^ Wing-sheath 
of left side, gills of right side, removed ; i/, 
tracheal gills. (After Vayssiere.) 



Fio. 277. — Larvulo of ClnUort 
dimidiat um, ( After Lub- 
bock.) 


the circulation can be seen. The amount of growth accomplished 
after hatcliing between March and September is but small. 

The metamorphosis of Cloeon has been described by Sir John 
Lubbock; he informs us that the young creature undergoes a 
constant and progressive development, going through a series of 
more than twenty moults, each accompanied by a slight change 
of form or structure. His observations were made on captured 


’ In reference to a doubt ae to the name of this nymph cf. Eaton, Tr. Linn. 
Sot, Zool. (3) iik p. 20. 
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specimens, so that it is not certain that what he calls ^ tlie first 
stage is really such. He lound no tracheae in the earli(*st stages ; 
the small first rudiments of the gills Ix^ciime visible in the third 
stage, when there were no tracheae; the fourth instar possessed 
tracheae, and they could be seen in gills. The wing rudi- 
ments could first be detected in the ninth and tentli stages. The 
changes of skin during the winter months are separated by 
longer intervals than those occurring at other pen-iods of the year. 

The nymphs differ greatly in the structure and arrangement 
of their tracheal gills, and dis]day much variety in their genera! 
form and habits ; some of them are very 
curious creatures, rictet^ divides them 
in accordance with their haluts into four 
groups: (1) Fossorial larvae: these live 
in the banks of streams and excavate 
burrows for shelter; thev are of cvlin- 
drical form, possess robust h^gs, abundant 
gills .at the sid(*s of the body, and 
fr(M[ueutly processes projecting forwards 
from the head : examples, Ephemera (Fig. 

278) and l\din(je.nUu (2) Flat larvae: 
th(‘se live attached to rocks, but run with 
ra^iidity wdien disturbed ; they prefer rapid 
streams, have the breathing organs at- 
taelu d to the sides of the body and not 
reposing on the back ; they are. exclu- 
sively carnivorous, wlnle tlie fossorial 
forms are believed to olitain tlieir nutri- 
ment by eating mud : example, Ba'etis. 

(M) Swimming larvae : elongate delicate 
creatures, w’ith leeble legs, and with strongly 
ciliated ciiudal setae : exam])le, CUveon (Fig. 

270). (4) Climbing larvae: these live in 
slowly-moving waters, especially such as 

have much slimy mud in susixmsion, and pt^. 278 Adult nymph of 

they have a habit of covering them- (Afttr 

selves with this mud sometimes to .such 

an extent as to become concealed by it: example, Potamanthvs. 

^ Tr, Linn, Soc» xxiv. 1863, p. 62, and xxv, 1S60, p. 17 
^ Hist, Xat. Ncuropt, KptiemMHes, 1843, p. 24. 
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nTiatnmy the nyin])hs luis l)eeii treated by Vayssiere,^ 
who arranges th(»ni in live groups in 
a.ecM)rda.nee with the conditions of the 
traelieal gills : (1) Tlie gills are of large 
*size, an! ex])osed and furnished at the 
sides with n‘si)irat()ry fringes : ex- 
anijde, (Fig. 278). (2) The 

branchial! art! blade-like, not i’ringed, 
and an! ex])Osed at the sides of tlie 
l)ody : exa.ni])le, C7m)a(Fig. 276). (3) 
The respiratory tubes are placed on 
the undi‘r surface of ])lates whose 
upper surface is not respiratory : ex- 
ample, ()lu/07tniria garumniva (Fig. 
2710* (*^) anterior gill is modi- 

iied to form a ]>late that covers the 
«4hers : exam|)le, Trirorythm (Fig. 
282, B). (5) The gills are concealed in ’ 
a respiratory chamber: example, hmo- 
pisfoma (Fig. 280). The last of these 
nymphs is more com])letely adapted 
for an aquatic life than anv other 



the (lorsal tracheal gills, pivseilt kuoWll ; it WaS for 

Imig suppnsiMl to be a Crustacean, but 
it has now lieen shown to be. the t»arly stage of a may-ily, 
the sub-imago having been reared from the nymidi. The 
cara))ace Ijy which the larger part of the body is covered is 
formed by tin* union of the ]»ro- and ineso-thorax with the sheaths 
of the anterior wings, which have an unusually extensive develop- 
ment; und(‘r the carapace there is a r(‘S|)iratoiy chamber, the 
floor and sides of which are formed by the ])osterior wing- 
sheaths, and by a large* ])late composcnl of the united nota of the 
metathorax and the iirst six alMiominal segments. In this 
chamber there are j'laced live pairs of tracheal gills; entrance of 
water to the chamluT is (dlectc‘d by two laterally-] )laced orifices, 
and exit l»y a single dorsal a])(*rture. These nymphs use the 
body as a sucker, and so adhere strongly to stones under water. 
When detached they swim rapidly by means of tludr caudal 
setae ; tlie form <4* these latter organs is dilferent from that 
’ Ann. Set. Xat, Z*)ol, (rt) xiii. 1882, i)p. 1-187, pis. 2-11. 
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of othov Ej)lu*nu‘i*ivl nymphs. Tliis luiiiit ami otlu‘V ili*tails 

of the iiiiJitoiiiy of this (rrtiature havii been 

tleseribed in detail -by Vayssiere.^ These? X* i* 

nyniplis liaN o a very hij^hly desvciloped traclieal 

system ; tliey live in ra])id wnfcereonrses / / \ \ 

attaelied to stoiu^s at a di?pth of three to six I | ^ \ 

*■ I ?!• • 1 1 

inelies or morii undia’ the water. Species of { ^ I 

Pro.sopifiloftia oeenr in Europi*, Mada^asear, 1 / , / 

and West Afiiea. 

Aeeording to Eaton/“ in the nymj>hs of 

some Epliemeridae the rectum serves, to a 

certain extent, as a respiratory agcait; he con- ^ 

sidei-s that water is admitti*d to it and (‘x- 

])elled after tlie manner we have described in 

Odonata, p. 4lM. ,, 

A , *JS0. — Prosojn- 

IJie internal anatomy <4 tJie nymplus ot .stouiK- pu net ij'ro n s, 

Epheuu*ri(liu! shows some iwints of extreme (Alter'vayssil're')"! 

interest. The loim Orilici} of exit from 
1 caudal setae are respiratory ..hamUr. 

L U) J resjiiraiory organs of a kind that 

/cl almost if not cpiite without 

\\) ®| ^ ]>aralli;l in the other divisions of 

^ Iiisecta. The dorsal vessel for tbe 

^ *1^ circulation of the blood is elongate, 

^ A chambers are arranged one 

ru;. 281. -A. La.st tliree abdominal ‘‘H*'!' segment of tl»e l.ody. It 
.sfgmeiits iiiid bases of tho tliroo drives tlic blood forwards in the usual 

eandal processes of CIikvii tHu- i i ii i. • i i 

/o«m; V.dorNal vessel; w, ostia ''«t tlic posterior eliamhei 

tiioroof; /•.si.tndaltmiiimii chain- jiossesses three hlood- Vessels, one oi* 

iicr of the tlorsal vessel witli its i • i • i i i i i 

entraueow ; i, l.loo.l-v«ssel of tl.e IS prolongeil lUto Oticll Caudill 

li'it e.nulal iimeess ; B, twenty- st'tfi. Tills terminal chamher is so 

.sixth joint of the left ciiinlal pro- j. i • i i i 

ce,ss from below ; h, a portion of arranged as to drive, the lilood back- 

the blood-ve.s.sel ; o, orirtce in tlio jjito tllO Vessels of tlie Setat* I 

latter. (After /immerinami.) ^ 

on the under surface of tlie ^'essels 
there are oval orifices by which the blood escapes into tlu? 
cavity of tbe setfi. so. as to Iwi submitted to tlu? action 
of tbe suiTouiidiiig medium for some of the jmriioses of 
n»spiration. Tliis structure has been desc^rilieJ liy Zimnuu- 

* Ami. Scl. A7r/. Zintl, (7) ix. 1890, pp. 10-87. I'ls. 2-5. 

“ Anil, Xat. /Tint, (3) xviii. 186d, p. llo. 
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inaiui/ who agrees with Creutzberg " that the organ by whieli the 
blood is propelled into the setae is a terminal chamber of the 
dorsal vessel ; Verlooren,® who first observed this accessory system 
of circulation, thought the contractile chamber was quite separate 
from the heart. The nature of the connexion between this 
terminal chamber that drives the blood backwards and the 
other chambers that ])ro])el the fluid forwards appears still to 
want elucidation. 

The nymphs of the Kphemeridae being creatures adapted for 



Fio, 282. — A, Nymph of Kphemerella ignita 
with jjillH of loft side removed ; //, gills : 
B) nymph of Triayrythvs .sp. with gill 
cover of right side removed ; gill cover ; 

9i (After Vayssiere.) 


existence in water, the details 
of their transformation into 
creatures having an entirely 
aerial existence cannot but In'! 
of much interest. In the 
nymphs the traclical systmn is 
well developed, but dilfers from 
that of air-breathing Insects 
in the total absence of anv 

If 

spirtKdes. PalincMi has inves- 
tigated this subjecV imd finds 
that the main longitudinal 
tracheal trunks of the body of 
the nymph are not connectcjl 
with the skin of the body by 
tracheae, but are attached 
thereto by ten pairs of slender 
strings (»xt(aiding between the 
cliitinous integument and the 
tracheal trunks. When the 
skin is shed these strings — or 
rather a chitinous axis in each 


one — are drawn out of the body, and bring with them the chitinous 
linings of the tracheae. Thus notwithstanding the absence of spir- 
acles, the body wall is at each moult piercMnl by openings that 
extend to the tracheae. After the ordinary moults these orifices close 
immediately, but at the change to the winged state they remain open 
and form the spiracles. At the same time the tracheal gills are com- 


^ Zeitschr, mss. Zool. xxxiv. 1880, p. 404. 

* Kai. Hist. (5) xv. 1885, p. 494, ® Mtnn. Cour. Ac, Bdg. 4to, xix. 1847, p. 1. 

^ Zwr Morphologic dea Tmehemaystems^ Helsingfors, 1877, pp. 1-20. 
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pletoly shed, and the crcfitiire is thus transformed from a water- 
breather to an Insect breiithing air as usual. In addition to tliis 
change there are others of gimt importance, such as the develop- 
ment of the great eyes and the complete atrophy of tlie mouth- 
parts. Tlie precise manner of thest^nianges is not known ; they 
occur, however, within the nymph skin. The sudden emergence 
of the winged Insect from the nymph is one of tlie most 
remarkable facts in the life-history of the may-lly ; it has been 
observed by Sir John Liil)l)ock,^ who di^scrilies it as almost in- 
stantaneous. Tlie nymph floats on the water, the skin of the back 
opens, and the winged Insect flies out, upwards and away ; 
“ from the moment when the skin first cracks not ten sinronds are 
oviu' before the Insect has flown away.** Tim creature that thus 
escapes has not, howevt'r, quite completed its transformation. It 
is still enveloped in a skin that compresses and enibarrassi^s it ; 
this it therefOiHi rapidly gets rid of, and thus becomes the 
imago, or final instar of the life-cycle, Tlie instar in which the 
criSiture exists winged ainl active, though covered with a skin, is 
calftd the sub-imago. The jiarts of the body in the sub-imago are 
as a whole smaller than they a, re in the imago, and the colour is 

more dingy ; the appendages — wings, legs, and caudal setae- are 

generally considerably shorter than they are in the imago, but 
attain their full length during the process of extraction. The 
creatures being, according to Riley, very impatient and eager to 
take to the wing, the completion, of the shedding of the skin of 
the snh-imago is sometimes performed wliile the Insect is flying 
in the air. 

The food ( f young Kphemeridae is apparently of a varied and 
mixed nature. Eaton says 
that though sometimes the 
stronger larvae devour the 
wcaki*r, yet the diet is even 
in these cases partly vege- 
table. The alimentary canal 
frequently contains iniicli 

mu3 , ’VeiJ small oiganisins, Fm. 283. — Lingua of Ifcptagenm longimuda^ 
siicll as diatoms and con- xiu. Central; lateral pieces. (After 

fervae, are thought to form 

a large part of the hill of fare of Ephemerid nymphs. Although 
^ Tr, Linn, Soc, xxv. 1866, p. 483. - Ann, Xat. Hid. (3) xviii. 1866, p. 145. 




438 


NEUROPTERA 


CHAP. 


the mouth is atrophied in the imago, yet it is highly 
developed in the nymphs. This is espccdally notable in the 
case of the lingua or hypopharynx (Fig. 28o); indeed Vayssit're^ 
seems to incline to the opinion that this part of the moutli may 
be looked on iii these Insects as a pair of appendages of a head- 
segment (see p. 96 ante), like the labium or maxillae. 

Tlie life-liistory lias not been fully ascertained in the ease*, of 
any species of may-tty ; it is known, however, that the d(»velo])- 
ment of the nymph sometimes occupii»s a considerable period, and 
it is thought that in the case of some species tliis extends to 
as much as three years. It is rsxre to find the post-embryonic 
development of an Insect occupying so long a period, so that we 
are justified in saying that brief as may be the life of the may- 
fly itself, the piu‘iod of preparation for it is longer tluin usual. 
Keaumur says, speaking of the winged fly, that its life is so short 
that some siiecies never see the sun. Tlua'i* emergence from the 
nymph-skin taking place at sunset, the dutu^s of the generation 
have been, so far as these individuals are eoneerned, completiHl bidbre 
the morning, and they die before sunrise. lie thinks, indeijd, 
that individuals living thus long are to lie looked on as Methuselahs 
among their fellows, most of whom, he says, live only an hour or 
half an liour,*^ It is by no means clear to which species these* 
nmiarks of li<5aumur refer ; they are doubtless correct in certain 
cases, l)ut in others the life of the adult is not so very short, and 
in some species may, in all probability, extend over three or four 
days ; indeed, if the weather undergo an unfavourable changes so 
as to keep them motionless, the life of the flies may be prolonged 
for a fortnight. 

The life of the imago of the may-fly is as remarkable as it is 
brief; in order to comprehend it we must refer to certain peculi- 
arities of the anatomy with which the vital phenomena are con- 
nected. The more important of these are the large eyes of the 
males, the structure of the alimentary canal, and tliat of the 
reproductive organs. We have already remarked that the parts 
of the mouth in the imago are atrophied, yet the mnal itself not 
only exists but is even of greater capacity than usual ; it appears 
to have much tlie same general arrangement of parts as it had in 
the nymph. Its coats are, however, of great tenuity, and according 

^ Ann, Sei, Nat, ZooL (6) xiii. 1882, p. 113. ' 

* Reaumur, Mem. vi. 1742, p. 467. 
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to Palmeii^ the (Uvisioiis of the canal are separuU d hy changes 
in the direction of certain portions anterior to, and of others 
])osterior to, its central and greater i)art — the stomach — in siicii 
a manner that the portions with diverted ])ositions act as valves. 
The stomach, in fact, forms in the inllfior of tlie body a didicate 
capacious sac; when movement tends in in(*rease the cai)a('ity of 
the body cavity tlum air enters into the stomachic sac by th(‘ 
mouth oritice, but when muscular contractit)ns result in ])ressure 
on the sac they close the orifices of its extremities by the valve- 
like structures we have mentioned above ; the rivsult is, that as 
complex movements of the body arc made the stomach lK‘conies 
more and more disti?nded by air. It was known (*ven to the old 
naturalists that the dancing may-fly is a sort of balloon, but they 
were not accpiainted with the exact mode of inflation. IVilmmi 
says that in addition to the valve-like arrangements we have 
descTilied, the entry to the c^anal is controlled by a circular muscle, 
with which are connected radiating muscdi^s attached to th(> walls 
of the head. Palmmi’s views are adopted, and to a certain extent 
confi^’med, by Fritze,“ who has examined the alimentary (?ana.l of 
the may-fly, and considers that tliough the normal parts of the 
canal exist, the, function is changed in the imago, in which the 
canal serves as a sort of balloon, and aids the function of the 
reproductive organs. The change in the canal takes place in an 
anticipatory manner during the nymph and sub-imago stages. 

The sexual organs of Ex)lu'meridae are remarkable IVn* their 
simplicity ; they are destitute of the accessory glands and diver- 
ticula. that, in some form or other, are present in most (4her 
Insects. Still more remarkable is the fact that the ducts by 
which they communicate with the exterior continue as a ])air to the 
extremity of the body, and do not, as in other Insects, unite into 
a common duct. Thus in' the female there is neither bursa copu- 
latrix, re(*cptaculum seminis, nor uterine portion of oviduct, ami 
there is no trace of an ovipositor ; the terminations of the ducts 
are placed at the hind margin of the seventh ventral plate*, just 
in front of which they ai’e connected l)y a fold of the integu- 
rneni:. The ovary consists of a very large nunib(*r of small egg- 
tubes seated on oiui side of a sac, which forms tlieir calyx, and 
one of whose extremities is continued backwards as one of the 


* tfber paarUfe AusfahrsgUnge^ etc., Helsingfors, 1884, j>. 53. 

^ Bcr, (fC8, Fmbimjt iv. p. 5 ; cf. •/. li, Micr, 1889, p. 206. 
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julir of oviducts. The male has neither vosiculae seminales, acces- 
sory jrlrtiids, nor ductus ejatnilatorius. The testes are elongate 
sat‘s, whose exti’emities are prolonged backwards forming the vasa 
deferentia ; these open separately at the extremity of the body, 
each on a separate iiitromittent projection of more or less com])lex 
cliaracter, the two organs Ixning, liowever, connected by means of 
the ninth ventral plate, of wdiieli they are, according to Palnubi, 
appendages. W(‘ should remark that this autliority considers 
IIcptiKjenia to ft)rm, to some extent, an exception as regards the 
structures of the female ; wdiile Polymitarnjs is in the male sex 
strongly al)errant, as the two vasji deferentia, instead of being 
approximately straight, are bent inwards at right angles near 
their extremities so as to meet, and form in the middle a common 
cavity, which then again becomes doulde to ])ass into the ])air of 
intromittmit organs. 

According to tlie views of Exner and olliers, the compound 
t*yes of Insects are chiefly organs for the i)erception of movement ; 
if this view bii (correct, movements such as those made during 
the dances of may-flies may, by the number of the se])arate eyt;s, by 
th('ir curved surfaces and innumerable facu^ts, be multi i)lied ami 
correlated in a manner of which our own stmse of sight allows 
us to form no conception. W(i c%an see on a summer’s evening how 
beautifully and gracefully a ('vowd of may-flies dance, find we may 
well believe, tliat to tlu.^ marvellous ocular orgfins of the flies them- 
selves (Fig. 274) tlu!Si». movements form a veritable l)allet. AVe 
have poiutiMl out that by this dancing the peculhirly formed aliment- 
ary canal becomes distended, and imiy now add tba,t Piilmen find 
Fritze believe that the uniijue struc.ture of the ri‘j)roductive organs 
is .also correlated with tlu^ other aiiatomicfd peculifirities, tlie con- 
tents of the sexiud gLinds being driven filong the sim]de fiml 
direct ducts by tlie expfiiisioii of the ballooii-like stomacli. During 
tluisc dfinces the momentary conjugation of tlie sexes occurs, 
find immediately thereafter tlie > female, according to l^fiton, 
resorts to the waiters aiijirojiriate for the deposition of lu*r eggs. 
As regards this, Eaton sfiys : ' “ Some sliort-lived species discharge 
tlie contents of their ovairies completely en mnssCy and the ])air 
of fusiform or subcyliiidricfil egg-clusters Liid upon the waiter 
rapidly disintegrate, so as to let the eggs sink liroadiaist upon 
the river-bed. The less perishable species extrude their eggs 
^ 7V. TAnii, Soc. 2iiJ .«-er. Zool. iii. 1883, p. 11. 
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gradually, part at a time, ami deposit tliein in one or other of 
the following manners ; either tlie mother alights upon tlie 
water at intervals to wasli off the eggs tluit have issued from 
the moutlis of the oviducts during her flight, or else slie creeps 
down into the water to lay her e^s upon the under-side of 
stones, dis|)osing them in rounded patches, in a singhi layer 
4ivenly S])read, and in mutual contiguity/* The eggs are very 
nunierous, Jind it is thought may sometimes remain in the 
water as mucli as six or s(iveu months before they luitch. 

The number of individuals produced by some kinds of may- 
llic's is remarka,b]e. Swarms consisting of millions of individuals 
are occasionally witnessed. D’Albertis observed raUngiuia 
jifipnaim in (iountless myriads on the Fly lliver in Xew (iuini'a: 
“ For miles the surface of the river, from side to side, was white 
with tliem as they luing over it on gauzy wings; at certain 
moments, obeying somci mysterious signal, they would rise in 
tla^ air, and then sink down anew like a fall of snow.** He 
furflier statc‘s that the two sexes were in very disproportionate 
numbers, and estimates that there was but a single female to 
e\(a*v five or six thousand males. 

Fphemeridae in the pm-fect state art} a favourite food of 
lisht‘s, and it is said that on some watt*rs it is useless for the 
lly-fisher to try any other lurti when tlu'ses flies are swarming. 
Most of the “ duns ** and spinners ** of the angler are 
l^phenun-idae ; so are several of the drakes," onr largt^ E. (lanlra 
and /^. califuta being known as the green ilrakc anti the gray drake, 
honaltls says^ that the term “ dun ** refers to the pseud-imago 
condition, “sjiiniier** to the perfect Insect E, daniva and 7^. 
ru/f/atff. iue juahaps not tlistingiiished by fishers; Eaton says 
that tlie former is abundant in rapid, cool streams, while E, 
Ttilfja/ft prefers warinei- and more traiupiil rivers. 

These scnsitivti t*riMtuivs are unalde to resist tht‘ attractions 
of artificial lights, lieaumur noticed tins fact many years ago, 
and since the introduction of the electric light, notes may 
frecpiently he seen in journals recording that myriads of tl :i*se 
Insects have been lunal by it to destnartion. Their danei\s may 
frequently be observed to take place in peculiar states of light 
and shade, in twilight, or where the sinking sun has its light 
rendered broken by bushes or trees ; possibly the broken lights 
^ F/f/-Ffshn'*s EiUomolofjt/, 4th ed. 1819, p. U). 
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are enhance<i in effeet by the ociihir ,stnictures of the Insects. 
It lias recently lieeii ascertained that a species of Teleganodea 
is itself Iniuinous. Mr. I^wis,' who observed this Insect in 
Ceylon, states that in life the whole of the abdomen was lumin- 
ons, not brightly so, but sulhcient to serve as a guide for captur- 
ing the Insect on a dark night. It has also been recorded that 
tlie male of Cae)m dimidiata gives a faint blue liglit at night. 

Nearly 300 species of Ephemeridae are known, l)ut this 

may be only a fragment of what 
actually exist, veiy little lieing 
known of niay-tli(‘H of other 
])arts of the world than Europe 
and North America. One of the 
more curious forms of the family 
i.s Onimiffnstrr irnkcjhldi ; the 
body of the imago is unusually 
rotund and furnisheci with lateral 
processes. In Britain wt', havt* 
about forty s])ecies of may-fly. 
The family is treated as a distinct 
Order by Hrauer and Packard, and 
is called Blectopterji by the latter. 

That Insects so fragile, so 
highly organised, with a. host of 
powerful enemies, but themselv(*s 
destitute of means of attack or 



Fig. 28-1. New defence, should contrive to exist 
(Alt*rM‘L«chlan.) „,,„arkable ; aiul it, 

appears still more unlikely that such delicate Insects as 
EpluMiieridae should leave imjdaiited in the rocks their traces 
in such a manner that tiny can be recognised; nmiTtludess, 
sucli is the (*as(;, — indeed, the may-fly palaeontologicral record is 
b(jth rich and remarkable. Several forms are preserved in 
amber. In tlui Tt^rtiary bed of the old lake at Florissant, Scudder 
has been able to distinguish the remains of no less than six 
species; while in tlu? Jurassic layers of the Secondary epoch, in 
more than one locality, the remains of several other specie?’ 
have bemi detected and described. Still more remarkable is tlu' 
fact that in the Devonian and Carboniferous layers of tlie 


• P, cut, Soc, London^ 18S2, p. xiii. 
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Palaeozoic period, reaiaiiis are found tliat appi*fir to akin to 
our existing Epluaiieridae. l\d[n[icma feist m ante! ii from the 
Carboiiifomus of Poliemia is actually referred to a still existing 
genus ; it is said to have been of gigantic size for a jnay-lly. 

The families Mt^gase(.*o[)terides, Pla(^f)terides, and Stenodicty- 
opterides of tlu? (carboniferous epoch (see p. o4;:>) are all more or 
less closely allied to the Ephemeridae, ainl in addition to these 
Prongniart has estalilished the fajiiily I^rotepluMueritles for some 
Insects that he considers to have been the precursors in the 
( •arboniferous epoch of our existing 
may-flies. Th(;se ancient Insects 
dillenvl in having the wings of 
anotluT form from those of exist- 
ing Ephemeridae, and in having 
the hind wings e([ual in size to 
the front pair. l>esid(‘s this, these 
Insects had, as shown in Fig. 285, 
protiforacic dorsal ap])(mdages : 
some fcad also ])i’ojections from the 
abdominal segments, considered by 
Prongniart to be of the nature of 
gills. Some doubt must exist as to 
this pejint, for we find in the image* 
of one of our cixisting Ephemeridae, 

Onlseif/ftsfrr 'inde/icldi, Fig. 284, 
abdominal processes that are not 
gills. 

It is nmiarkable that may- 
Hies, which now form a com- 
paratively uni mportant part ol* 
the Insect tribe, should in far 
(listont times liavc Ijeeii reiiresc^nted j., , as:,. 

by so great a va riety of allied forms. boniierons of Coiumentry. Aiu r 

Our fragile*, short-lived may-llies Hiongni.ut.> 
a))pear to be, as Scudder says, the lingering fragments ol an 
expiring group. 
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NEUUOPTEUA rLAXIPENNIA — SIAUDAE, AL1)EU-FLIP:S, SXAKE-FLIES — 
PANOUPIDAE, SCOUPION- FLIES — IIKMEROBIIDAE, ANT-LIONS, 
I-AOEWINOS, ET(\ 

Fam. VIIL Sialidae— Alder-flies and Snake-flies. 

Foil!' witiffs of moderate Hize, ineelinrf in repose over the hark at 
ananffle; the hinder of the two pairs slightly the smaller; 
the anal area small or nearly absent, not idieate, Xerrwres 
moderately mnnerous, tra-mverse veinlets moderately numerovs, 
forming irregularly disposed eells. The metamorphosis is 
great; there is a. quiescent pupa. The larva has the mandibles 
formed for biting, armed with strong teeth. 

The Sialidae, thougli but a small family of only somo six or 

oigiit genora, comprise 
a coiisi(leral)le variety of 
forms and two sub- 
families — Sialid(\s and 
Eaphidiides. Tlie fornuu’ 
grouj) lias larvae with 
a([uatic habits jjossessed 
of branchiae l>ut no 
s])ira(‘les. 

tSialis lutnria is one 
of the commoner British 
Insects frequenting tlie 
vegetation al)out the 
liaiiksoftranquilstreams; 
it is well known to 
anglers, being used l)y 
them for a bait. According to Ronalds it is called the alder or 



Fui. 2S6. — The aWer-fly, Sialis Ivtaria. Britain. 
A, With wings ; B, in protile. 
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orl-fly, and in Wales the hunipbsu'k. It is very unattraetive iu 
appearance, being of a blackish colour, with wings of a 
yellow-brown tinge, and iiiakes but a poor sliow when Hying. 
The female deposits patches of elongate eggs, placed on end and 
packed together in a very chiver nianneii^fig. 287). These ])a tches 
of eggs, of a stone-gray colour, are eoniinon olyects on ruslies 
or stems of grass near watiu*, and it is stated that tliere may 
be no less than 2000 or 8000 eggs in one of tluMii. Our 
figure gives some idea of the mode iu wliich the eggs art* arranged, 



Fig. 2S7. — Portion of ;i row of of 
Siuiin lutann, (After Evjius.) 


Pig. 28S . — SUOis hiUirin 
larva. 


and the curious narrow process that exists at the end of eacli. 
Tla^ eggs are said to be sometimes placed at a considerable distanct^ 
from water, so that when the tiny larvae are hatched they 
must begin their lives by Jinding tht* way to a suitable pool or 
stream. The larvae (Fig. 288) are objects of very great intiri'st 
owing tociich of segments 1 to 7 of the hind body being furnished 
on each side with a jointed filament, while the last segimait ends 
iu a still longer, but unjointed process. These filaim*nts are 
branchiae by means of which the Insect obtains air, b(*ing, as wi* 
have said, destitute of s])ira(*les. It is an active cirature ami 
waves its filaments iu a very graceful manner ; this procet^s no 
doubt aids the branchiae in their reKj:)iratoiT work. These larvae 
arii well aide to exist out of water if they have a sulliciently 
damp environment. They live on animal matter, but their life- 
history has not l)een followed iu much detail and it is not known 
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how miiiiy moults they iiiiike. The .young Ijirva lias the head 
disproiiortioiiately large and the branchial tilainents longer. 
AVlu*n the growth is conijileted the larva returns to land, seeks a 
suitable situation in the soil, and after an interval changes to a 
pupa, in which the cliaracters of the perfect Insect are plainly 
visilile. Subsequently, without beconiiug agfiin active, it changes 
to the perfect Insect, and enjoys, for a few days only, an aerial life. 

The anatomy of the larva has been trc'ated by Dufour.^ The 
supra-oesophageal ganglion is remarkably small ; nothing is said 
as to the existence of an infra-oeso])hageal ganglion ; there are 

tliree thoracic and eight abdominal 
ganglia ; the first jiair of these lattci’ 
are nearer together than the others, and 
this is also the case with the last three. 
The alimentary canal in the adult is 
])rovided with a large paunch attached 
to the crop by a narrow neck,“ but 
iJufour (xmld find no trace of this in 
the larva. The structure of the bran- 
chiae has also becui d(‘scribed by the 
indefatigable French imtomotornist. A 
tracheal tului sends a Imincli into one 
of the appendages (Fig. 280); tlui 
branch gives otf numerous smaller 
tracheae, which at their extremities 
bri?ak up into branchlets close to the 
integument. The tracheal tube that 
receives each main branchial trachea, 
sends ott* from near the ]>oint of entry 
Ft»;. 2S9.-- -Strnt?tiivc of tTfK’iicai gill of the lattci* another trachea, that 
of (AttiTi^ distributes its Imuicldets on tlie ali- 

r/, JljieiH ot tile gill ; A, tniclical 

meiitary mnal. The margins of each 
a jipendage are set with swiinuiing hairs, 
so that the branchiae act as organs of 
locomotion as \vell as of respiration, and by their aetivity in the 
former capacity increast? the efficiency of their primary function. 

The genus occurs in a few species only, throughout the 



trunk with wlii^-li it in oon- 
iieeteil ; f, trarliea given otf 
to alimentary uaiinl. 


* Aim» Sci Xat. series S, ix. /W. 1848, p. 91, ])1. 1. 

- Newjiort, 7V. Limi. Mac. xx. 1851, pi. 21, tig. 13. Loew, however, who also 
describes and figures the anatomy of ff. lutarUi, states that there is no paunch. 
Linnacn cntunwlofjitnf , iii. 1818, p. .354. 
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whole of the Pfilaoitivtie and Nearetic regioiiH, and nNippeavs in 
Chili/ though absent in all the intervening area. Several otlier 
genera of Insects exliibit the same peculiarity of distribution. 

The genera Corj/dfdis and Chauliodca form a grout) distinct 
from Hi(di>i, and are totally differ- 
cmt in a))pearaiice, being gigantiii 
Insects, sometimes witli tlie man- 
dil)les of the malti enormously 
elongated (Fig. 290). Tlu^ syxH'ies 
of Con/d(dis are calhid in J^ortli 
.America Hellgra.mmites ; Eiley 
has described and figured the 
metamorpliosis of C. cornatu.^^ the 
life -history l)eing very similar to 
lliat of our little Si(dt\ A mass 
consisting of two or thr(*e thousand 
eggs is formed liy thii female, and 
the , young larva has long fila- 
ments at tlu! sides of the body 
like, \sifdis, Thi'se in the later 
larval life are com])aratively shorti?r, 
hut the Insect is then ])rovided 
with another set of gills in the 
form of siiongy musstvs on the 
under-side of the body. Riley, 
however, considers that these organs servtj the purpose of attach- 
ment rather than of respiration. The, 
larvae are known to the Mississipjii 
fishermen as crawlers, and are greatly 
(esteemed as bait. 

The Raphidiides or snake-flies form 
the second tribe of Sialidae. There are 
only two genera, liaphidia and ItuurUid, 
peculiar to the Ralaearctic and Nearctic 
regions. Tlie. perfect Insects are. (‘hi(*fly 
rtanarkable for the elongation of the 
prothorax and back of the head to form a long neck, and for 
the existence) in the female of an elongate exsertetl ovipositor. 



Fia. 290. — C&n/(l((lts mtssiconiis^ nuile. 
with greater portions of the wings 
reniuved. Texas. (After AnLuihlau.) 



Kkj. 291 . — /faphidia vofafn, fe- 
male. Bnlain. (xVfter Curtis.) 


‘ M'Lachluii, Knf, Month, Matj, vii. 1870, p. 14r>. 
- Hep, Ins, Missouri f ix. 1877, p. 125. 
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Thft species an? rather numerous, and have been recentlj' 
monograpliod by Albarda.^ Tljf three or four British species 
of the genus are all rare Insects, and oc^ciir onlv in woodeil 
regions. 

The Eaphidiides, like the Sialides, have a carnivorous larva, 
which, however, is terrestrial in habits, feeding, it would aj^pear, 
chielly on Insects that harbour in old timber. The snake-tlj' 
larvae (Fig. 21) 2) are* very ingenious in their manner of escaping, 
which is done by an extremely rapid wriggling backwards. Tlu‘y 
are capable of undergoing vmy jirolonged 
fasts, ancl then alter in form a good di*al, 
l)ecoming shortiu* and more shrivelled ; 
Fig. 292 is taken from a specimen that 
had been fasting for S(;veral weeks. They 
are excessively voracious, ami hunt after 
the fashion of Ixuists of prey; tludr habits 
have l)een described by Stein, who staU‘s 
that he kept a larva from August to tlie 
end of May of the following year without 
food ; it then died in a si iri veiled- ii]) stab*. 
The larva of the snako-Hy cliangc^s to a 
pupa that is renuirkaldy intermediate in 
form Ixjtween the perfect Insect find the 
larva ; the eyes, legs, wing-pads, and ovi- 
positor hciiig but little different from those 
of the* imago, .while the general form is 

Ft(j. 2^2,—Rai)hidia voiata, ^hat of the larvH, and the i)eculiar elonga- 
larva. XfW Forest. , ^ i • • i 

tioii 01 the nock 01 the imago is absent. 
This pupa differs from that of Smlin in the important particular 
that before undergoing its fund eedysis it regains its activity and 
is able to run about. 

The internal anatomy of Jlapliidia lias beiai trcfited ))y Lotnv,^ 
and is of a very remarkable, character ; we ean liere only mi*ntion 
that the salivary glands consist of a pair of extremely elongate 
tubes, that there is a very desfinitti pauneli attached as an ap- 
pendage to one side of the crop, and that tin*, most ])eculiar 
character consists of th(^ fact that, according to J^oew, four of the 
six Malpighian tubes have not a free extremity, being attaelied 

* Tijdschr. Ent. vol. xxxiv. 1891. Arrh.f. Niilnrg, iv. i. 1838, p. 3ir*. 

* Liuuaea cntomolwjicay iii. p. 1848, 946, pi. i. 
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at each end so as to form elongate loops; the luesenteron is very 


complex in character. 

A considerable number of fossil re- 
mains from both Tertiary and Meso/oie 
strata are referred to Sialidae ; and a 
larval form from the red sandstone' 
of Connecticut has been considered by 
Scudder to be a Sialid, and named 
Mormolucoides articulatus, but the cor- 
rectness of this determination is very 
doubtful (Fig. 293). These fossils are, 
howev(?r, of special interest as being thti 
most ancient Insect larvae yet brought 
to light. A still older fossil, from the Car- 
l)oniferous strata of Illinois called Miainia 
hronsoni, is considered by Scudder to have 
several points of resemblance to Sialidae. 



Fia. 293. — Mo-nnolucoides 
articuhitmy larva. Trias 
of Connecticut. (After 
Scudder.) 


'5 


Fam. IX. Panorpidae — Scorpion-flies. 


Head 'prolonged to form a deflexed heak, provided vnth jmJpi near 

its apex ; vnngs. eloyigate and 
narrow, shhinig and dci<lUutc (f 
hair, with nmnermis, slightly 
d leer gen t ve i n s a nd m odera tely 
numerous transverse veialets {in 
one genus the wings are ahsent). 
Larvae provided with legs, and 
nsually with numerous j^'^'^degs 
like the saw-flies : hahits car- 
nivorous. 

The majority of the memlxns 
of this family are very readily 
distinguished by tlie beak -like 
front of tlie head, this being 
chiefly due to enlargement of 
parts of the head itself, and 
ill a less degree to prolongation 
of the mouth-parts. The upper (or front) face of the beak is 
^formed entirely by the clypeus, the labrum being scarcely 
VOT.. V 2 o 



Fig. 294.- 


•Panorpa communis, male. 
Cambridge. 
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visible, though it may be detected at the sides of the tip of the 
beak; the sutures between the various parts of the head are 
nearly or quite obliterated, but it is probable tliat the sides of 
the beak are formed by the genae and by the stipites of the 
maxillae, and its under-surface chiefly by the submentum ; the 
mentum itself is but small, the ligula is small, bifld at the ex- 
tremity, and each branch bears a two -jointed palpus, the 
basal article being of very peculiar structure in Panorpa, The 
mandibles are but small, and are placed at the apex of the beak ; 
they have each the form of an oldong plate armed with two 
very sharp teeth, and they cross freely. The maxillae are the 
only parts of the mouth-pieces that are very elongated; each 
cardo is articulated at the base of the head, and the stipes extends 
all the length of the side of the beak ; each maxilla l)ears a five- 
jointed palpus and two small but very densely ciliated lobes. 
The antennae are long, very slender, and flexible, and are many- 
jointed ; they are inserted between the eyes in large foramimi ; 
there are three ocelli, or none, and the compound eyes are 
moderately large. The prothorax is small, its notum is (juite 
small or moderate in size, and the prothoracic stigma is placed 
behind it ; the side-pieces are small, and there is no chitinous pro- 
sternum except a small longitudinal strip placed in the mem- 
brane between the coxae ; these latter are of only moderate size, 
and are free and dependent. The meso- and meta-thorax are 
large, their side-pieces are of considerable dimensions and l)ear 
large, dependent coxae and supporting-pieces (Fig. 58) ; there is a 
stigma placed tetween the meso- and meta-thorax at the hind 
margin of the upper part of the meso-trochantin ; botli meso- and 
meta-noturn are transversely divided. The abdomen is elongate, 
slender, conico-cylindrical, consisting of nine segments ; the basal 
segment is membranous and concealed ; the terminal appendages 
are of varialde nature according to the species and sex. The legs 
are elongate and slender, the tarsi five-jointed. The internal 
anatomy of Panorpa communis has been examined by Dufour^ 
and Loew.^ They agree in describing the alimentary canal as 
being of peculiar structure : there is a short, slender oesophagus 
leading to an organ in which tliere is seated a remarkable 
arrangement of elongate hairs; this structure might be looked 
on as the proventriculus, but Loew considers it to be rather a 
1 Mem, Ac, Sci, itrang, vii. 1841, p. 582. ^ Linnaea &fU<m, iii. 1848, p. 363. * 
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division of the true stomach. The particulars given by these 
two anatomists as to some other parts of tlie internal anatomy 
are very discrepant. 

The Panorpidae form a small family of only nine or ten genera, 
two or three of these being exotic aSi only imperfectly known ; 
the three genera found in Europe are composed of very (uirious 
Insects. The scorpion-flies — Paywrpa proper — are very common 
Insects, and have received their vernacular name from the fact 
that the males have the terminal segments elongate and slender 
and very mobile, and carry them curved up somewhat after the 
fashion of the scorpions (Pig. 294). It is said that Aristotle was 
acquainted with these Insects, and considered them to be really 
winged scorpions. 

A second European genus, Borens, is still more peculiar ; it is 
destitute of wings, and has the appearance of a minute wingless 


grasshopper ; it is found 
from lat(i autumn to early 
sprihg in moss and under 
ston(fc,andissaid to be some- 
times found disporting itself 
on the surface of tlie snow : 
the female of this Insect 
has an exserted ovipositor. 
The writer has found this 



Fro. 295 . — Boreus hicmalis, female. Dumfriesshire. 


little creature in Scotland among moss in November, and under 
stones early in March (Pig. 295). The third European genus, 
Bittnms, does not occur in our islands, but is common on many parts 
of the Continent ; the perfect Insect has a great resemblance to a 
Tipnla, or “ daddy-long-legs ” Hy, and attaches itself to the stems 
of grasses, and preys on flies; arwrding to Brauer it has the 
peculiar habit of using the hind pair of legs as hands (Pig. 296), 
instead of the front pair, as is usual in Insects. This reinark- 
4ible genus is widely distributed, and species of it are found even 
in the Antipodes. A species inhabiting caves has been mentioned 
by M‘Lachla.n.^ 

Tlie early stages of the Panorpidae were for long unknown, but 
have recently been discovered by Brauer: he obtained eggs oiPanorpa 
by confining a number of the perfect flies in a vessel containing 
some damp earth on which was placed a piece of meat ; when 


1 EvU, Month. Mag, 1804, p. 39. 
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the young larvae were hatched they buried themselves in the earth 
and nourished themselves with the meat or its juices. These 
larvae (Fig. 297) hear a great resemblance to those of the Hymenop- 
terous family Tenthredinidae ; they have biting mandibles and 
palp-bearing maxilhve, and show no approach to the peculiar 
mouth structure found in the Hemerobiidae; there are three pairs 
of feet placed on the three thoracic segments, and there is also a 
pair of less perfect feet on ejich of the fir.st eight abdominal 
segments, those behind being the larger. The upper surface of 



Pro. 296 . — liittmus tipvlarius holding 
.1 lly in its hind legs. Austriu. 
(After Bmuer.) 


Fia. 297. — Young lan'a of 
/*tin or [HI VO m m u u i s, 

(After Braiu-r.) 


the body bears spiiie.s, wliich, liowever, di.sappeur after the first 
change of skin, with the exception of the larger jirocesses on the 
posterior segment, which [KTsist throughout the life of the larva. 
The larvae are active for about one iJioiith ; after this they become 
quiescent, but do not change to the pupa state for several weeks ; 
when this happens they change in form and cannot creep, although 
their limbs are not . enclosed in any pupa case. Brauer also dis- 
covered larvae of Fanorjni communis at large in numbers in an 
old tree stump that was quite covered with moss, and contained 
many ants in the mouldering wood. The ants appeared to be on 
friendly terms with the Fanorpa larvae. The earlier stages of 
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Boreus and Bittacus were also observed by Brauer; they are 
essentially similar to those of PaTwrpa, but the larva in Boreus is 
not provided with abdominal prolegs. The Pauorpidae have 
been separated from the other Neuroptera by certain naturalists 
as a distinct Order, called Panorpafae by Brauer, Mecaptera by 
Packard; l)ub in their structure as well as in their nietaniorphoses 
they MTe not so distinct from the Phryganeidae and the Hemero- 
biidae as to justify this step. 

Fossil forms of Bittacus and of Panoipa have l)een found in 
anil)er and in the Tertiary strata, and Scmlder has described some 
forms from Florissant in Avhich there are no (Toss-veinli‘ls in thii 
wings. Some remains from the English Tiias have bi‘en referred 
to Panorpidae by Westwood under the name Orthophlrina, but it 
is liy no means certain that they really belong to tlie family. 


Fam. X. Hemerobiidae — Ant-lions, Lacewing-flies, etc. 

ffead vertical; maxillae Jree, vnth five-jointed palpi ; lahinl paijn 
three-jointed.., Wiiajs sidmiual in size, with much reticula^ 
tion, with nut anal area. Tarsi five-jointed. Metamorphosis 
If rent ; the larrar uritk mandibles and maxillae coadapted to 
form spear-like orj/ans that arc sndorial in fnyietion. Papa, 
similar in general form to the imago, eiwloseA in a cocoon. 



Fia. 298 . — Drepanepkryx phaUicnokles, Scotland. 


The Hemerobiidae are an extremely varied assemblage of 
Neuroptera; the perfect Insects of tlie various sub-families are 
very different in appearance, but the family as a whole is 
naturally defined by the very peculiar structure of the mouth- 
^ organs of the larvae. These Insects have, in fact, a suctorial 
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mouth in their early life, and one of the ordinary biting type in 
adult life. 

This is a very unusual condition, being the reverse of what 
we find in Lepidoptera and some other of the large Orders, 
where the mouth is mandibulate in the young and suctorial in 
the adult. The suctorial condition is in Hemerobiidae chiefly 
due to modification of .the mandibles; but this is never the case 
in the Insects that liave a suctorial mouth in the imaginal 
instar. K'early all the Hemerobiidae are terrestrial Insects in all 
their stages ; a small number of them are, to a certain extent, 
amphibious in the larval life, while one or two genera possess 
truly aquatic larvae. The metamorphosis is, so far as the 
changes of external form are concerned, quite complete. There 
are no wingless forms in the adult stage. 

The classification given by Hagen ^ and generally adopted 
recognises seven sub-families. These we shall mention seriatim. 

Snb-Fam. ■ 1. Myrmeleonides or Ant-lions.— short, 
clubbed, the apical space of the wing with regular, oblong 
cellules. 



Fig, 299, — Tomaieres citrinus, S, E, Africa, (After Hagen.) 


The ant-lions in their perfect state are usually unattractive 
In&ects, and many are nocturnal in their habits ; the species of the 
genus Palpares and allies (Fig. 299) are, however, of more handsome 
api)earance, and attain a large expanse of wing. No nieml)er of the 
sub-family is an inhabitant of Britain, though species of the typical 
gemxsMyrvieleon are common in Central and Northern Europe. The 

^ Stettin. enJt. Zeit. xxvii. 1866, p. 369 ; this author has also sketched a classifi* 
cation of the larvae in P. Boston Soc, xv. 1873, p. 243, 
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remarkable habits of their larvae attracted the attention of natur- 
alists so long ago as two hundred years. We owe to E(5aumur an 
accurate and interesting account of M. formicariuHy the species 
found in the neighbourhood of Paris. The larvae are predaceous, 
and secure their prey by means of ]pttfalls they excavate in the 
earth, and at the bottom of which they bury themselves, leaving 
only their elongate jaws projecting out of the sand at the bottom 
of the pit. They move only backwards, and in forming their pit 
use their broad body as a plough, and throw out the sand by 
placing it on the head and then sending it to a distance with a 
sudden jerk. When about to construct its trap the laiTa does 
not commence at the centre, but makes first a circular groove of 
the full circumference of the future pit. Burying its abdomen 
in the surface of the earth, the Insect collects on to its head, by 
means of the front leg, the sand from the side which is nearest to the 
centre, and then jerks the sand to a distance. By making a second 
circuit within the first one, and then another, the soil is gradu- 
ally removed, and a conical pit is formed, at the bottom of which 
the ^ant-lion lurks, burying its body but leaving its formidable 
mandibles widely extended and projecting from the sand. In this 
position the young ant-lion waits patiently till some wandering 
Insect trespasses on its domains. An ant or fly coming over the 
edge of the pitfall finds the sand of the sloping sides yielding beneath 
its body, and in its effort to secure itself probably dislodges some 
more of the sand, which, descending to the bottom of the pit, Inings 
the lurking lion into activity. Availing himself of his power of 
throwing sand with his head, the ant-lion jerks some in the 
neighbourhood of the trespasser, and continiu^s to do so until the 
victim is brought to the bottom of the pit and into the very jaws 
of its destroyer ; then there is no further hope of esc*ape ; the 
mandibles close, empale their prey, and do not relax tlieir hold 
till the body of the victim is exhausted of its juices. The position 
chosen is in a place that will keep dry, as the larva cannot carry 
on its operations when the sand is wet or damp, hence the soil at 
the base of a high wall or a rock frequently harbours these 
Inlets. The parts of the mouth of the Myrmdcori are perfectly 
adapted for enabling it to empty the victim witliout for a 
moment relaxing its hold. There is no mouth-orifice of the 
usual character, and the contents of the victim are brought 
into the buccal cavity by means of a groove extending along 
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the under side of each mandible; in this groove the elongate 
and slender lobe that replaces the maxilla 
— there being no maxillary palpi — 
plays backwards and forwards, probably 
raking or dragging backwards to the 
buccal cavity at each movement a small 
cpiantity of the contents of the empaled 
‘victim. The small lower lip is peculiar, 
consisting in greater part of the two l()l)es 
that sup])ort the labial palpi. 'Fhe pharynx 
is provided with a complt*x set of muscles, 
and, together with the buccal cavity, func- 
tions as an instrument of suction. After the 
prey has been suckt‘d dry the carcass is 
jerked away to a distance. Wht?n tlie 
ant-lion larva is full grown it forms a 
globular cwoon by fastening togetluT 
grains of sand with fine silk from a 
slender spiniicri?t ])lacc(l at the p(>sterior 
extremity of tlie body; in tliis cocoon it 
Fio. 300.— Lan-a of Myryne.’ changes to an imago of v(uy elongate 
Meiiievt.) lorin, and does not emerge until its meta- 

morphosis is i[uite completed, th(^ skin of the 
pupa being, when the Insect emergt'S, left heiiind in the cocoon. 
The names by which the European ant-lion has been known are 
very numerous. It was called Formieajo and Formicario by Yallis- 
neri alujut two hundred years ago ; Keanmur called it Formiea-leo, 
and this was adopted by some modern authors «;is a generic name 
for some otluu* of the ant-lions. The Frencli people call tliese 
Insects Fourmilions, of which ant-lion is our English c(|iiivalent. 
The Latinised form of the term ant-lion, Formicahio, is not now 
applied to the common ant-lion as a generic term, it liaving been 
proposed to repltiee it hy yTyrmccoleon, Myrmelco, or Myvmeleon ; 
this latter name at present seems likely to become generally 
adopted. There are .several species of the genus found in Europe, 
and their trivial names have been confounded hy various authors 
in such a way as to make it quite uncertain, without reference to 
a synonymic list, what species is intended liy any particular writer. 
The species found in the neighbourliood of Paris, and to which it 
may be presumed Eeaumur’s history refers, is now called Myrme- 
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lean formicarmm by Hagen and otliers ; M'Lachlaii renamed it 
J/*. europaeus, but now considers it to be the M. nostras of 
Fonrcroy. The popular name appears to be due to the fact that 
ants — Formica in Ltitin, Founni in French — form a large part of 
the victims ; wliile lion — the other i^rt of the name — is doubt- 
less due to its prowess as h destroyer of animal life, thougli, as 
Ileaumur long ago remarked, it is a mistake to apply the term 
lion to an Insect tluit captures its i)iey l)y strategy and l)y 
snares rather than by rapidity and strengtli. The imago of 
JL/rmeleon is of shy disposition, and is randy si'en liven in 
loealities where the larva is abundant. It is of nocturnal habits, 
and is considered l>y Dufour to be carnivorous. 

(.Vuisideralde dillereiice of opinion has existt^d as to the structure 
of tlie nio\ith and of the alimentary canal in these larvae. Eeaumur 
was of o) union that thei’e exists no posterior orifice to the alimentary 
canal, bub Dufour ridicuh'd this idea, and stated positively that 
such an orificti undoubtedly exists. It is also usually said that 
the "mouth is closed by a membrane. Meinert has rcc(uitly (‘xain- 
ined'Hhese points,' and he states that the mouth is not closed by 
any membrane, but is mendy compress(»(l. lie. finds that there is 
no ])osterior exit from the stomach ; that therii is a compacjt mass 
without any cavity l)etween the stomach and the point where the 
.Malpigliiau tubes connect with the small intestine. The portions 
of aliment that are not assimilated by the larva collect in the 
st(.)ma(di and are expelled as a mass, but only after tlu'. Insect has 
become an imago. This peculiar exerementitious mass consists 
externally of uric acid, and from its form and appearance ha,s been 
mistak(‘n for an egg l)y seviTal naturalists. The posttuior ]>ortions 
of the alimentary canal arc, according to Meinert, of a remark- 
aide nature. The small inh^stine is elongate, slender, and is 
coiled. There are eight very long and shuider Malpighian tubes; 
a j)air of those have free extremities, but the other six in the 
posterior part of their course are surrounded by a common mem- 
brane, and, following the course of the intestine, form ultimately 
a dilatetl body seated on a coecum. These six IVIalpighian tubes 
are considered to be partially, if not entirely, organs for the secre- 
tion of silk for forming the cocoon, the coecum being a reservoir. 
The canal terminates as a slender tube, which acts as a spinneret 
and is surrounded by a sheath. A complex set of muscles com- 
’ Ov. Danske Selsk, 1889, p. 43. 
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pletes this remarkable spinning apparatus. The alimentary 
canal of the imago lias been described and 
figured by Dufour^; it is very different 
from that of the larva. 

The ant-lion is capable of sustaining 
prolonged fasts. Dufour kept specimens for 
. six months without any food. These In- 
sects are said to give off a peculiar ant-like 
odour, due, it is thought, to their ant- 
eating habits. Although no species in- 
habits Great Britain, yet one is found in 
Southern Sweden. Introduced specimens 
get on very well in confinement in our 
country,^ and would probably fiourish at 
large for some years if they werii liber- 
ated. 

Although the number of known species, 
and genera of Myrineleonides is consider- 
able — that of the species being now 
upwards of 300 — the members of the 
small genus Myrmehon are the only forms 
that are known to make pits of tlic kind 
we have described. Other larvae^ are 
known similar in general form to the 
Fig. 301.— Upper aspect of common ant-lion, but they walk forwards 

maimer, ami apparently 
stoinacli ; f, free extreini- hiiiit their prey by lurking in a liiddeu 

and, when a cliance occurs, rusli- 
portion of other six tubes ; ing oil the victim witli rapidity. Brauer 
//SesforpSSJroS observed this habit in the case of 
its sheatli ; //, g, maxillary JDendvoleon 'pdntheriiius in tho I’rater at 
glands. (After Meinert.) Yieillia. 

The most remarkable forms of Myrmeleonides are contained 
in the genus Palparea. We figure Tomateres citrinns (Fig. 299), 
an allied genus found in Eastern Africa as far south as Natal. 
These Insects have conspicuous hlotclies and marks on their 
wings. The species of Myrmeleon are similar in form, but arc 
smaller, more feeble, and less ornate in appearance. 

^ Amu Sci. itrang, vii. 1834, pi. 12. * M'Lachlan, KtU, Mmth, Mag, ii. 1866, p. 73. 

^ Redtenbacher, Denk, Ak, WieUt xlviii. 1884, p. 336. 
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Pitfalls, formed in all probability by ant-lions, have been 
noticed in the Galapagos islands and in Patagonia, though none 
of the Insects forming them have been found. 


Sub-Fam. 2. Ascalaphides,— elongate, with a knob at 
the tip ; the apical area of the icing mth irregular celhiles. 



Fig. 302. — Ascalaphim coccajus. East Pyrenees. 

The sub-family Ascalaphides is not represented l)y any species 
in Britain, though Ascnlaphns lojigicornis occurs as far nortli as 
Paris. In the mountainous regions of Central and Southern 
Europe some species of the group form a conspicuous part of the 
Insect fauna, owing to their bold and active flight ; tlicy are pre- 
daceous in their habits, and fly about in a hawking fashion some- 
what like that of dragon-flies. Some of the larger of the numerous 
exotic species of the group are very like dragon-flies, but can l)e 
distinguished by a glance at the elongate antennae with a knol> 
at the end. The sub-family consists of two groups — Holophthalmi 
and Schizophtlialmi. M‘Lachlan says ^ “ The eyes in the Schiz- 
ophthalnious division are really double, the upper portion over- 
lapping the under ; if the upper portion be separated the lower 
division looks like a small spherical ordinary eye.'" There 
appears, however, to be considerable diflerences in the genera in 
this respect. 


^ J. Linn. Soc. Zool, xi. 1873, p. 227. 
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When the weather is wet or cold the Ascalaphi repose on the 
stems of grass, with their wings placed in a roof-like manner, with 
the liead downwards, and are then very successful in concealing 
themselves by the positions they assmne, and by sidling round 
the stems to escape from enemies. Some information as to their 
metamorphosis has been obtained, though knowledge of this point 
is far from complete even as regards our European species of the 
typical genus Ascnlaphus. For a long time it was supposed that a 
larva mentioned by Bonnet in his writings was that of Ascaldplms, 
but Brauer^ is of opinion tliat such is not 
the case, and as he Inis descril)cd the meta- 
morphoses of A. 'tnacaronius he is no doubt 
correct. The eggs (Fig. 303, A), forty or 
fifty in number, are laid in two parallel rows 
on the stems of grass. The larvae (Fig. 304, 
larva of HdicorniUis ?) are in general appear- 
ance somewhat like those of Myrmdeon ; 
they are carnivorous in their habits, like 
the ant-lions, and have similar extraordi- 
narily developed mandibles. Efforts to rear 
the young larvae faikid, but they were 
kept alivii for some time by supplying them 
with Aphidides found on Ceritanrcajamt, The 
cocoon is globular, and the change from the 
nymph state to the imago is made in the 



Fra. 303. - A, Eggs of 
Ascul(tj)/ius w ft earn- 
Hitts,. B, Sketch of 

larvlrof ^ iieiicoMilifa cocooii, tlic Structure of the mandibles of the 
insh?iulans{'i); C, out- pupa being peculiar, and si)ecially ada])ted to 
(After Westwood.) * the purpose of Opening llic cocooii.^ The larvae 
of Ascalaphides, although so like the ant-lions 
in appearance, do not tbrni jiitfalls for the capture of their 
prey, but lurk under leaves on the ground, or under stones ; 
they do not move backwards, but progress forwards in an 
ordinary manner; the habit of backward movement that wo 
noticed in Myrmcleon being proliably correlative with the habit 
of forming pitfalls. Hagen states ® that the larvae of Ascalaphides 
and Myrmelconides, in addition to their peculiarities of form and 
mandibular structure, are distinguished from those of other 
Hemerobiidae by the hind legs having the tibia and tarsus united 

^ Verh, zool,-hot, Ges, Wien, iv. 1854, p. 471. * Westwood, l,c, p. 12. 

^ P, Boston Soc. XV. 1873, p. 244. 
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without articulation. Westwood ^ has recently given an account 
of the young larvae of a Ceylonese Ascalaphid of doubtful 
species, but possibly * Ilelicomitiis 
insimulaiis ; these were observed by JVfj. 

Staniforth Green to have the very 
peculiar habit of sitting together in 
a long row on the stem of a plant, 
with the jaws widely extended and tlie 
body of each one covered by the luuid of 
the individual next it (Fig. 303^ B). The 
little creatures waited patiently in this 
position until a tly walked between the 
inandil)les of one of them, then these 
I'ormidalile weapons immediately clostid, 
and did not relax their hold until the 
fly was sucked dry. If Westwood is 
correct, tlie young larva of this speck's 
diflcrs much from the adult one, .the 
ImekJ of the head being broad and the 
setigerous i)rocesses of the body very Fro. 304. -Larva of ihikonuins 
much more developed. Nearly thirty (Atif.i \\«st- 

genera of Aserdaphides are known." In 

the genus Haplogcnius we lind an exception to the usual ruL' 
that the wings in repose are held in a roof-like manner, it liaving 
been noticed l)y Bates that in the species in (][uestiou the wings 
are lield expanded as in the dragon-flies. 

Guilding has descrilx'd a very peculiar mode of ovipositioii 
on the part of Ulula wavlewjana in the island of St. Vincent ; 
the eggs are said to be deposited by the female in circles oii the 
extremity of a twig, and nearer the base of this there is placed a 
kind of barrier to repel intruders. "Tlie female may be seen 
expelling from her ovary these natural barriers with as much 
care as her real eggs.” Guilding’s description was accompanied 
Ijy <lrawings of the eggs, barriers and larvae, but unfortunately 
these were never published, and no further information has been 
obtained on the subject. Hagen ^ suggests that the barriers may 

^ Tr, JSntom. Soc» LoJidati, 1888, p. 1, pis, 1, 2. 

Cf. M^Lachlan, J, Linn, Soc, Zool, ii. 1873, p. 219. 

^ Tr, Linn. Soc. xiv. 1825, p. 140, and xv. 1827, p. 509. 

* P. Boston Soc. XV. 1873, p. 245. 
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be somewhat similar to the long stalks on which the eggs of 
Clirysopa (Fig. 314) are placed. 


Sub-Fam. 3. Nemopterides. — Head more or less produced and 
hcak’like. Hind wings of pecidiar form, being elongate and 
somewhat strapMke, 

The Nemopterides are a small group of delicate, graceful Insects. 



Fio. 305. — Xmoptera Icdercru Asia Minor. Fig. 306. — Presumed larva of Xemoptera 
(After Selys.) A, The imago; B, its head {Necro 2 )hifHsarenarius), After Roux. Pyra- 
seen from in front and magnified. mids of Egypt. 


About thirty species are known. Knowledge of the group is 
still very imperfect. A larva has lieeu found of a most remarkable 
nature that probably belongs to it ; it was described under the 
name of Neerophilus arenarius, and considered to be a fully- 
developed Insect. This larva occurs in the tombs and pyramids 
of Egypt where sand has accumulated. The perfect Insects of 
the genus Nevioptera are, however, found in open places amongst 
bushes, and flit about in a very graceful manner. Several species 
are found in Southern Europe and the Mediterranean region 
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(Fig. 305, ledereri), but none come so far north as Central 
Europe. Formerly the genus Nemoptem was considered to Im 
allied to Panorpa on account of the beak-like front of the head. 
The parts of the mouth are, how^ever, different from those of 
Panorpciy and it seems more probabl^ that if tlie Nemopterides 
have to be merged in any of the divisions of Hemerolnidae, 
they will be placed in Clirysopides or Osmylides. The species 
of the sub-family were for a long time l)elieved to be peculiar to 
the continental regions of the Old World, but a species has 
recently been discovered in Northern Chili.^ 

Sub-Fam. 4. Mantispides. — Prothorax elomjate; the raptorial 
f ront legs inserted at its anterior part 

The members of this small group are readily recfognistMl by tlie 
peculiar striu?ture of the front legs ; these organs rtjsembling those 
of the Orthopterous 
family Mantidae, so that 
the earlier syst(‘matic en- 
tomologists, deceived by 
this resemblance, placed 
the Mantispides in the 
Order referred to. 

The Mantispides 
possess four membran- 
ous wings, either sub- 
equal in size or the 
posterior pair smaller 
than the front pair and 
not folded ; the veins of Fig. 307. — Mantiapa areolaris, Brazil. (After 
these wings are rather Westwood.) 

numerous, as are also the cells they form; there is considerable differ- 
ence amongst the species iiithislatterrespect,owing to the transverse 
veiiilets differing in their abundance. The antennae are short, not 
in tlie least thickened at the tip. The head is not produced into a 
beak. The anterior legs, placed quite at the front part of the thorax, 
have the coxae very long; the femur is somewhat incrassate, and 
is armed on one side with spines ; the tibia is sliaped and articu- 
lated so as to fold closely on to the spines, and to thus constitute a 
formidable and perfect prehensile organ, the tarsus being merely 
^ M ‘Lachlan, Tr, Eivt, Soc. Lomdon^ 1885, p. 375. 
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a small appendage. Only a few species of Mantiapa are found in 
Southern Europe ; but tlie group has representatives in most of 
the warmer regions of the world, and will probably prove to be 
rather numerous in species. The front legs are used for the 
capture of prey in the Sfime way as the somewhat similar front 
legs of the Mantidae. The transformations have been observed 
by Brauer ^ in the case of one of the European species, M. styrinca. 
The eggs are numerous but very small, and are deposited in such 
a manner that each is borne by a long slender stalk, as in tlu‘ 

lacewing flies. The larvae 
are hatched in autumn ; 
they tlien hibernate and go 
for about seven months 
before they take any food. 
In the spring, when the 
spiders of the genus Lycosa 
have formed their bags of 
eggs, the minute Mantispa 
larvae (Fig. 308, A) find 
tliein out, tear a hole in the 
bag, and enter among the 
eggs ; here they wait until 
the eggs liave attained a 
fitting stage of development 
before they commence to 
iiatvhetl, ornrstformrB,matui^larva^ (AftcWecd. Brauei* found that 

they ate the spiders when 
these were quite young, and then changed their skin for the 
second time, the first moult having taken place when they 
were hatched from the egg. At this second moult the larva 
undergoes a considerable change of form ; it becomes unfit for 
locomotion, and the head loses the comparatively large size and 
high development it previously possessed. The Maiitispa larva 
— only one of which flourishes in one egg-bag of a spider — under- 
goes this change in the midst of a mass of dead young spiders 
it has gathered together in a peculiar manner. It undergoes 
no further change of skin, and is full fed in a few days ; after 
which it spins a cocoon in the interior of the egg-bag of the 
spider, and changes to a nymph inside its larva - skin. 

^ Verh, zooh-hot, Oes. JVwij xix. 1869, p. 831. 



Fig. 308 . — Mantispa stijriaca, A Larva newly 
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Finally the nymph breaks through the barriers — larva-skin, 
cocoon, and egg-bag of the spider — by which it is enclosed, 
and afber creeping about for a little, appears in its final 
form as a perfect Mantispa. Thus in this Insect hypermeta- 
morphosis occurs; the larval life consisftng of two different instars, 
one of which is specially adapted for obtaining access to the 
creature it is to prey on. It should be noticed tliat though this 
Insect is so destructive to the young spiders, the mother spider 
shows no hostility to it, but allows the destroying larva to enter 
her bag of eggs without any opposition ; she appears, indeed, to 
be so unconscious of the havoc that is going on amongst her 
young that in one case she continued to watch over ami protect 
tlie egg-bag in which the destruction was taking place during 
the whole of the period of the larval development and half the 
period of pupation of the Mantispa. 

The larval history of a second species of the Maiitispides, 
Symphrasis varia^ is partially known ; ^ this Insect lives ])arasiti- 
cally^ in the nests of a South American wasp, and each larva 
when^)full fed spins a cocoon in one of the cells of the Hymen- 
opteron. 


Sttb-Fam. 6. Hemerobiidei — Wings in repose forming an 
angular roof over the hody; the antennae moniliform or 
pectinate, not clavate. 


The Hemerobiides consist of several minor groups about 
whose number and characters systematists are not very well 
agreed, and about some of which very little is known. We 
merely mention the latter, giving details as to some of the better 
known only. 

1. The Dilarina are a small group found chiefly in the Old 
World, where, however, they have a wide distribution. North 
and South America have each one species. They are distinguished 
by their antennae, which, in the male, are pectinate somewhat like 
those of many Lepidoptera, this character being of extremely rare 
occurrence in the Neuroptera ; the abdomen of the female termi- 
nates -in a long ovipositor. The metamorphoses are not known. 

2. Nymphidina: Australian Insects resembling Myrme- 
leonides, but having antennae without club. Metamorphoses not 
known. 




^ Brauer, Zooh Am, x. 1887, pp. 212 and 218. 
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3. OiSmylina; a group of delicate and degant Insects of 
small or moderate size, distinguished by the possession of three 
simple eyes placed on the middle of the head just above the 
antennae. A species of tliis . group, OsmylUs chryst^s (mcLculatus 

of some authors), is an inhabitant 
of Britain (Fig. 212) ; its larva is 
to some extent amphibious. The 
metamorphoses have been ob- 
served by Dufour, Brauer, and 
Hagen ; ' it lurks under stones in 
or close to the water, or in moss, 
or on the stems of aquatic plants, 
and pierces and .empties small 
Insects with its sucking-spears, 
'Wmm which are very elongate. The 

W||||j young are hatched from the egg 
‘ in the autumn and hibernate 

before becoming full grown ; 

C when this moment arrives the 

larva spins a round cocoon of 

Fia. 309 .-Omj,?,Mdin^«!p,. a. Lana ; silk mixechvith sand The pupa, 
B, suu view of head of larva (alter or nymph, in general appearance 
Brauer); C. pupa (after Hagen). gome.vhat reseiubles the perfect 

Insiwt, except that it is shorter and has the short wing-pads 
clinging close to the body. Dufour denied the existence of 
abdominal spiracles in either larva or imago, but, according to 
Hagen, they are certainly present in lx)th. It would appear 
that in the larva the alimentary canal is not open beyond the 
chylific ventricle, and that its terminal section is modified to 
form a spinning apparatus. 

Osmtflus and its allies, including Sisyra, are nbw frequently 
treated as a separate sub-family, Osmylides, equivalent to the 
Chrysopides. In it is placed a very anomalous Insert — Paectra 
Mapar — of great rarity. The male has only two wings, the pos- 
terior pair being the merest rudiments, though the female has the 
four wings normally developed. Individuals of the male have been 
found ^ in widely separated localities in the Palaearotic region — 
Somersetshire being one of them — and also in North America. 

^ Lhvnaea eTvtcmologica, yii. 1852, p. 868, with plates. 

^ See Albania in Tijdsehr, EtU, xvii. 1874, p. xvi. 
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The genua Sisyra form^ for some Neuropterists the type of a 
aeparate group oalled Sisyrina, though by others it is placed, as 
we have said, with the Osraylina, though 
it is destitute of ooelh. The larvae of gt 
least one speciesof this genusareaquiflfoc, 
and havebeenfound in abundance living 
in Spongilla (Sphydatia) Jtmiatilis, a 
fresh- water sponge ; when discovered 
their nature was not at first recognised, 
as they possess on each ventral segment 
a pair of articulated appendages, look- 
ing like legs, but whicli are considered 
to be more of the nature of gills. The 
sucking-spejirs of this Insect are so 
long and slender as to look like hairs ; 
whether the little animal draws its 
nutriment from the sponge, or merely 
uses this latter as a place of shelter, 
is iipt ascertained. 

4. Hemerolnina : a somewhat num- 
erous group of small or more rarely /''K 

moderate-sized Insects, with, monilifomi aMominai apixjudage. (An«r 
antennae, no ocelli, a complex and Westwood) 
comparatively regular system of wing-nervures ; tlie veinlets are 
especially numereus at tlie margins, owing to the mode of forking 


Fio. 311. — liarva of 
Hemerohiits sp. from 
Kuut. A, The larva 
bare; B, the .same, 
partially concealcil 
by the remains of 
its victims, etc. ; a 
portion of the cover- 
ing has been removed 
in order to show the 
head. 

A B 

of the nervures there (Fig. 298, Drepan^teryx phalaenoides). 
The larvae of most of the species of which the habits are known 
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live on Aphides, which they suck dry, and at least one species, 
in all probability several, has the habit of covering itself with 
the skins of the victims it has sucked ; to these remains it adds 
other small debris, and the whole mass completely covers and 
conceals the Insect (Fig. 311, B). The larva is furnished at 
the sides with projections which serve as pedicels to elongate 
divergent hairs, and . these help to keep the mass in place on 
the back of the Insect*; some fine threads are distributed througli 
this curious mantle and serve to keep it from disintegration, but 
whether they are fragments of spiders’ webs or are spun by the 
Insect itself is not quite clear. 

The genus Vrepanepteryx consists of several species, and 
appears to be best represented in the Antipodes ; we have, how- 
ever, one species in Britain — D. phahie- 
noides (Fig. 298) — an extremely interest- 
ing member of our fauna. This Insect 
has, like several of its congeners, a 
moth -like api)earanee, and it has a 
peculiar structure for bringing the hind 
and fore wings into correlation, the costa 
at the base of the hind wing being 
interrupted and prominent, furnished 
with setae (Fig. 312, A), and playing in a 
cavity on the under-surface of the front 
wing. This character is of great interest 
in connexion with analogous structures 
of a more perfect nature existing in various 
moths. JVrLachlan has described and 
Fra. 312.— Portions of wings of figured ^ a more primitive, though analo- 

A. Under-facc of basal parts gOUS, Condition of tllC WlllgS in MeffolomUS 

of the two wmgs ; a, base Jiirtus, also a species of British Hemero- 
of front wing ; 6, of hind a i.u • r j. r 

wing. B, Portion of front biina.* Another Very curious feature of Z/. 

wing, showing the apparent pkaloenoides is showii ill Fig. 3 1 2, B, there 
interruption of ner\'iires. i i 

bemg a narrow space on the hind part of 
the front wing from which the colour is absent, while the nervures 
appear to be interrupted ; they are, however, really present, though 
tninsparent ; the nature of this jieculiar mark is quite unknown, 
but is of considerable interest in connexion with the small trans* 
parent spaces that exist on the wings of some butterflies. 

^ Tr, ent, Soc, London, 1868, p. 189. 
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Sub-Fam. 6. Ohrysopides, Lacewing-flies. — Fragile hisects with 
elongate^ setaceous antennae. 


The lacewing-flies — also called stink-flies and golden-eyes — are 


excessively delicate Insects, of which \ye possess about 15 species 
in Britain. Their 


antennae are more 
slender and less dis- 
tinctly jointed than 
they are in Hemero- 
biides, and the Chry- 
so 2 )ides are more 
cdon gate Insects. The 
])eculiHr metallic 
colour of their eyes 
is frequently very 
conspicuous, the eyes 
looking, indeed, as if 




Fia. 814, — Eggs of Chrysopa. A, Five Fi«. 315.— I.arva of dirysopa sp. Cainbrulge. 
eggs on n leaf ; B, one egg, nioro A The Insect inngiiitied ; B, foot moro 
inagnilied. (After Schneider.) ningniKed ; C, teriiiiual H 2 *j»ariitiis of the 

ehuvs, highly magniiled. 

death. Although not very frequently noticed, the Chrysopidea 
are really common Insects, and are of considerable importance 
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owing to their keeping “ greenfly ” in check. The eggs are very 
remarkable objects (Fig. 314), each one being supported at the 
top of a stalk many times as long as itself; in some species 
{C. aspersa) the eggs are laid in groups, those of each group 
being supported on a common stalk. The larvae (Fig. 315) are 
of a very voracious disposition, and destroy large quantities of 
plant-lice by piercing them with sucking-spears, the bodies of 
the victims being afterwards quickly exhausted of their contents 
by the action of the apparatus connected with the spears. The 
larvae of two or tliree species of Chrysopa cover themselves with 
the skins of their victims after the manner of the larvae of 
HemeroMus ; but most of the larvae of Cln^so^nt are unclothed, and 
hunt their victims after the fashion of the larvae of Coccinellidao, to 
which these Chri/sojm larvae bear a considerable general resemblance. 
These larvae have a remarkable structure at the extremity of tlieir 

feet, but its use is quite un- 
known (Fig. 315, B, C). 
Some larvae of the genus 
make use of various sub- 
stances as a means of dis- 
guise or protection. Dewitz 
noticed ^ that some specin i ens 
he denuded of their clothing 
and placed in a glass, seized 
small pieces of ])aper with 
their mandibles and, IhmuI- 
ing the head, ])laci'd the 
morsels on their backs ; 
here the pieces remained in 
consequence of the exist- 
ence of hooked hairs on 
the skin. Green algae 
or cryptogams are much 
used for clothing, and 
Dewitz supposes tliat the 
Insect spins them together 
with webs to facilitate' their retention. According to Constant 
and Lucas ‘S the hirvae of CJirysopa attack and kill the larvae 

* BioL GentralhL iv. 188.5, p. 722. 

* BiUl, Soc. enL France (6), i. 1881, pp. xxi. and xxxi. 



Fia. 3l6,—Cfiri/80pa {Hypochrysa) peUlida, 
larva. (AUur Brauer.) 
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of Lepidoptera and Phytophagous Hynienoptera. The curious 
form we figure (Fig. 316) has been hatched from eggs found by 
Brauer on Pinus ahies in Austria. The eggs were of the stalked 
kind we have described ; the young escaped from tlieiri in the 
autumn, twelve days after dej)ositio!^Sut did not take any food 
till the following spring. 

The Chrysopides are widely distributed over the earth's sur- 
face. They form an important part of the fauna of the Hawaiian 
islands. 


Sub-Fain, 7. Coniopterygides. — Minute Insects with very fevj 
transverse nermhs in the vnngs ; hamny the body and wings 
covered by a powdery effioresce'nce. 

These little Insects are the smallest of the Order Xeuroptera, 
and have the appearance of winged Coccidae ; their claim to be 
considered members of the Neuroptera was formerly doul)ted, 
but their natural liistory is quite concordant with that of th(». 
IleiiJerobiid groups, near which tliey are now always placed. Low 
has made us acquainted 
with the habits and 
structure of an Austrian 
species, Coniopteryx lutea 
Wallg., l)ut for which he 
has proposed the new 
generic name Aleurop- 
teryx ; tlie larvae are 
found on Finns viughns 
at Vienna feeding 011 
Aspidiotus abietis, which 
they pierce with sucking- 
spears, after the fashion 
of tlie Hemerobiides ; 
when full fed they spin 
a cocoon formed of a double layer of silk, in wliich meta- 
morphosis takes place in a manner similar to that of other 
Hemerobiidae. The better - known genus Coniopteryx difiers 
from Aleuropteryx in having the sucking - spears short and 
nearly concealed by the front of the head, whicli is somewhat 
prolonged. 



Fro. 317 . — Coniopteryx psocifomiw, Canil)ri«lgo. 
(After Curtis.) A, Tlie insect with wings ex- 
ttaiideil. jnagnilied ; B, with wings closed, natural 
.size. 
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We may conclude this sketch of the Hemerobiid groups hy 
remarking that fossil remains of specimens of most of them have 



Fia, 318. — A, Larva of Coniopteryx iinei/armi^ {!), (After Curtis.) By Head aiul pro- 
thorax of larva of Coniopteryx sp. ; Cy upper surface of heatl of larva of Coniopteryx 
(after Low), miich magnified. 

lieen detected in the Tertiary strata, and that in the Secondary 
strata these groups are represented hy only a small number of 
fossils, which are referred specially to Hemerobiina, Nymphidina, 
and Chrysopides. 


CHAPTER XXI 


NKUROPTERA CONTJXUKD — TRICHOPTERA, THE PHRYGANEIDAE OR 

CA1)DIS-FJ.IE8 

Fam. XI. Phryganeidae — Caddis-flies. 

(TRICHOPTERA OF MANY AUTHOlts) 

Wings more or less clothed with hair, nervures dividing at very 
" acute ayigles, very few trayisverse 
'5 ncrvnles; hind pair larger than 
ike front, with an anal area 'which 
is f requently large and in repose 
plicately folded. Antennae thread- 
like, porrect, of many indistinct 
Joints. Mandibles absent or obso- 
lete. Coxae elongate and free but 
i ontiguous. Metamorphosis great ; 
larvae caterpillar-like, usually in- 
habiting ernes of their mon eon- 
stniction. Pupa resemlUiuf the 

perfect Insect in general form, becoming active previous to 
the last eedysis. Wingless forms of the imago excessively 
rare. 

The ciuldis-flies are luf^ts of moth-like appearance, found in the 
nuiglibourhood of water ; their larvae live in this element, where 
they may sometimes lie found in abundance. Phryganeidae are 
not very attractive Insects, and ■ there are few of large size ; 
Hence they have been much neglected by entomologists, and very 
little is known aliout the exotic, forms of the family. The 
habitations constructed by the larvae are, many of them, of a 
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curious nature, and usually attract more attention than do the 
creatures they serve to protect. 

The Phryganeidae form the division or series Trichoptera; 
the two terms are therefore synonymous; those entomologists 
who consider these Insects to form a distinct Order use the latter 


appellation for it. 

The perfect Insect, though the wings are usually ample, has 
but feeble powers of flight, and rarely ventures far from the 

water it was reared in ; it has a inotli- 
\ / like appearance, and the wings in 

repose meet, at an angle, in a roof-like 
manner over tiie back (Fig. 326, E). 
The head is small, with the front iii- 
flexed ; it has two large compound eyes, 
' i ' and usually three ocelli ; the antennae 

Fio. angmteiia are slender, thread-like, and Occasionally 

attain a great length. The parts ot the 
mouth are very peculiar, the Libriim and the palpi — especi- 
ally the maxillary palps — being well developed, while the 
lobes of the maxillae and labium are amalgamated and therefore 
indistinct. The labrum is more or less elongate, and is more 
mobile than is usual in mandibulate Insects ; it is held closely 
applied to the maxillae. These latter are small, have usually 
only a single small free lobe ; they are united to one another and 
to the labium by menil)rane in such a manner as to form a 
channel along the middle of the moutli, tlie labrum forming the 
roof of this channel. The palpi arc in some cases (S(»ric*osto- 
matides) of a remarkable nature; tlieir joints vary in number 
from three to five, and differ sometimes in the sexes of the same 
species. The lower lip appears as a plate supporting the labial 
palpi, which are tliree-jointed and do not exhibit any peculi- 
arities of structure comparable with those we have mentioned as so 
frequently existing in the maxillary palps. Difference of opinion 
exists as to the mandibles, some entomologists declaring them to 
be entirely absent, while others state that a small tubercular pro- 
cess that may be seen in some species on each side of the labrum 
is their representative. The prothorax is very small, the notuin 
is the largest piece but is qiiite short, the side-pieces are very 
small, and the sternum appears to consist only of membrane. The 
mesothorax is much the largest segment of the body; its sternum 
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is large, but is nearly perpendicular in direction, and is much 
concealed by the elongate, free front coxae, which repose against 
it. The metathorax is intermediate in size between the pro- and 
ineso-thorax ; its side-pieces are rather large, but the sternum is 
membranous, with a heart-shaped piece of more chitinous consist- 
ence in the middle, entirely covered l)y the middle coxae. The 
side-pieces botli of the meso- and meta-thorax are krge, and are 
closely connected ; the mid<Ue and posterior coxae are very large, 
elongate, and prominent, and the middle pair slo])e l)ack wards, 
so that their tips are in contact with the tips of the liind 
pair. The abdomen is cylindric and rather slender ; it looks as if 
formed of eight segments in addition to tlie terminal segment ; 
this latter in the male usually ))ears reniarkal)ly modified 
appendages. The first ventral plate is sometimes, if not always, 
entirely membranous ; indeed thi‘ texture of the segments is in 
general very delicate, so that they 
.shrivel up to an extent that renders 
their coinpreliension from dried 
s])eoimen8 very difficult, 'fhe legs 
are always elongate, the coxae attain- 
ing in some forms a reinarkabli^ 
length, and the tibiae and tarsi arc 
armed with many spines ; the tarsi 
are five-jointed, slender, frequently 
very elongate, terminated by two 
large claws and an apparatus, 
placed between them, consisting of 
a pair of liair-like ])rocesses with a 
membranous lol.)e. 

The structure of the mouth-parts 
of tlie riiryganeidae has given rise 
to nuu?h difference of interpretation; 
it has riHjently been investigated l)y 
R Lucas ^ in connexion with Auff- 
hotia fuTcata (Fig. 321). He agrees 
with other observers that mandibles 
arc present in the pupa, but states 
that no rudiment of them exists in tlui imago. He*, calls the 
peculiar structure formed hy the combination of the maxillae and 
' Arch» KiUuryes. lix. 1893, Band I. p 285. 



Viu. 321. — Front view of lieail of 
Anabttlm fuixata after removal 
of labruni. o, Ocellus ; base 
of antenna ; r///, eye ; cm, ciirdo ; st, 
stipes ; I, external lobe ; pU sup- 
lH)rt of palpus ; pw, jmlpns of 
maxilla ; g, eomlyle of articulation 
of the absent mandible ; ha„ cliuniiel 
of liaustelliini ; h, haustelliim ; ap^ 
apex of obannel of liaustellnin (not 
explained by Lucas) ; ch, cliitinons 
point of external lobe of seioinl 
maxilla ; pi, labial palp. (After 
Lueas.) 
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labium a haustellum. He looks on the Trichoptera as possess- 
ing a mouth intermediate between the biting and sucking types 
of Insect -mouths. He considers that the Phryganeidae take 
food of a solid, as well as of a liquid, nature by means of the 
haustellum, but the solid matter must be in the form of small 
particles, and then is probably sucked up by the help of saliva 
added to it. Lucas says also that in the larvae certain parts of 
the salivary glands serve the function of spinning organs, and it 
is from these that the salivary glands of the imago are formed; 
those salivary glands of the larva that are not spinning glands 
disappearing entirely. 

The eggs are deposited in a singular manner ; they are ex- 
truded in a mass surrounded by jelly ; there may be as many as 
one hundred eggs in such a mass. This is sometimes carried 
about by the female after its extrusion from the interior of the 
body, but is finally confided to a suitable place in stream, spring, 
or pool. It is said that the female occasionally descends into the 
water to affix the egg-mass to some object 
therein, but this requires confirmation, 
and it is more probable that the egg-mass 
is merely dropped in a suitable situation. 
As soon as the larvae are hatched they 
begin to provide themselves with cases; 
they select small pieces of such material 
as may lie at hand in the water, and 
connect them together by ineaiis of silk 
spun from the mouth. Particulars as to 
these tubes we will defer till we have 
considered the larvae themselves. These 
have the general appearance of cater- 
pillars of moths ; in order to move about 
they must put their head and the three 
pairs of legs at the front of the lx)dy out 

Fia Z22.~A,Mla nervom. 0^ t^eir tube or case, and they then look 
A, Larva extracted from very like case-bearing caterpillars. The 

aorsai spaces of the ab- P^rt of the body that usually remains 
doniinai segnients more under cover is different in texture and 
strong } magm t . eolour, and frequently bears ' outstanding 
processes, or filaments, containing tracheae for the purpose of 
extracting air from the' water. Some peculiar spaces of a 
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different texture may lie seen on certain larvae (Fig. 322, B); 
these may possibly be also connected with respiration. On 
each side of the extremity of the body there is a rather 
large hook by which the creature attaches its dwelling to its 
body, and there are also frequently? ^present three large bosses 
on the anterior abdominal segment, which are supposed to 
assist towards the same end. The hold it thus obtains is so 
firm that it cannot be dragged out by pulling from the front ; 
fishermen have, however, discovered a way of extracting it by a 
strategic operation ; the cases are, as a rule, partially open 
l)ehind, and by putting a blunt object in and annoying the 
larva it is induced to relax the hold of its hooks and advance 
forwards in the case, or even to leave it altogether. The firm 
hold of the larva is maintained in spite of the fact that the body 
does not fill the case. It is necessary that water should pass 
freely into and out of the case, and that there should be some 
space for the respiratory filaments to move in. The mouth of 
the case is open, and the posterior extremity is arranged by the 
larvja in such manner as to allow a passage for the water; various 
ingenious devices are adopted by different species of larvae with 
the object of protecting the hind end of the body, and at the. 
same time of permitting water to pass through the case. 

The mode of changing the skin, or the frequency with which 
this occurs in the larval state of the caddis flies has not been 
recorded. The duration of life in this 
stage is usually considerable, extending 
over several months : indeed in our 
climate many species pass the winter in 
this stage, completing the metamorphosis 
ill the following spring or summer ; and 
as one generation each year apj^ears to 
be the rule, it may be assumed that the 
larval condition in such cases lasts from 
seven to ten months. During this stage 
the Insects are chiefly vegetable feeders, 
some being said to feed on minute algae ; 

animal diet is not, however, entirely B, MaudiiiWs or pupa of 

avoided, and it is said by Pictet that Mofomm ungustuta. 

not only do some of the Phryganeidae eat other Insects, but that 
they also sometimes devour theu* companions. 





478 


NEUROPTERA 


.\t the end of the larval perigd of existence the creature 
closes its case by a light web spun at each end, taking care not 
to prevent the ingress and egress of the water ; it sometimes adds 
a stone or piece of stick, and having thus protected itself, changes 
to a nymph. During the first part of this metamorphosis the 
creature is completely helpless, for there is so great a difference 
between the external structures of tlie larva and nymph as to 
make the latter a new being, so far as these organs are concerned. 
The changes take phice in the interior of the larval skin, and as 
they are completed this latter is shed piecemeal. The resulting 
pupa or nymph greatly resembles the perfect Insect, differing 
consequently very much from the larva. Pictet, who paid 
special attention to the nymph condition of these Insects, con- 
cludes, however, that many of the organs of the nymph are 
actually formed within the corresponding parts of the larva, and 
has given a figure that, if trustworthy, shows that the legs of 
the nymph, notwithstanding the great difference between them as 
they exist in the larva and in the perfect Insect, are actually 
formed within the legs of the larva; each nymphal leg being 
rolled up in the skin of the corresponding larval leg, in a 
spiral, compressed manner, and the only articulations that can be 
detected in the leg being those of the tai-sus. The head of the 
nymph is armed in front with two curious projections that are, 
in fact, enormously developed mandibles (Fig. 323,B); they serve as 
cutting implements to enable the nymph to effect its escape from 
its prison ; they are cast off with the nymph-skin, the perfect 
Insect being thus destitute of these organs. The abdomen of the 
nymph differs from that of the perfect Insect in possessing 
external respiratory filaments ; the nymphs of some species have 
also the middle legs provided with swimming-hairs, that do not 
exist in the imago. 

As a rule the lan^ae bring the respiratory filaments into con- 
tact with the water by moving the abdomen, but Fritz Muller 
found ^that those of a Macronema move the gills themselves — after 
the manner of Ephemeridae — with much rapidity. Many kinds 
of larvae of Phryganeids possess at the posterior extremity of the 
body exsertile pouches in the form of finger-like, or even branched, 
processes into which tracheae do not enter. Miiller observed that 
in the Miwronema alluded to these pouches were generally not 
^ Ent Nachr. xiv. 1888, p. 274. 
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exserted ; when, however, tlie larva ceased to move the tracheal 
gills, then these pouches were protruded. He is inclined to con- 
sider them blood-gills. Similar structures are found in Hristalis 
and some other Dipterous larvae that have to breathe under 
difficulties. 

The imagines of certain species possess filaments — or some- 
thing of the sort — on the abdomen. Palm^n, who has examined 
these organs in Hydropsyche, thinks that they are the remains 
of gills that existed in the larva and pupa, and that they are 
functionless in the imaginal instar. M'Lachlan thinks that in 
Diplectrona, where the filaments are elongate, they may be 
functionally active even in the imago. ^ 

The skin of the nymph is at first very soft, but it soon 
hardens, and when about fifteen or twenty days have elapsed the 
nymph opens its cjise by means of the mandibular processes, and 
swims through the water with its l>ack downwards till it reaches 
some solid object by which it can ascend to the air ; the nymph 
skin then swells and splits, and the thorax of the imago pro- 
trujles ; this is soon followed by the disengagement of the head 
and other parts, and the imago having thus escaped, the nymph 
skin I’emains a complete model of the external structure of the 
nymph, and contains a considerable number of tracheae. This 
sketch of the metamorphosis of a caddis-fly does not apply 
ill all its details to all the forms of caddis-flies, there being 
exceptions, as we shall mention hereafter. 

Dewitz has described * the first appearance and development 
of the wings in larvae of Phryganeidae. Each one appears at 
first in the form of a small thickening of the hypodermis, accom- 
panied outwardly by a minute depression of the chitin (Fig. 
324, A). He compares the structure in the earliest stage to the 
entothoracic projections into the interior of the body. The 
rudiment grows as the larva increases in size, the chitinous por- 
tion being duly shed at the eedyses. When the rudiment is larger 
and more complex, a mesoderm layer appears in it (Fig. 324, B) ; 
this is derived from a nerve-sheath near the rudiment. During 
the resting state of the larva-— ^fter its case has been closed, but 
before the pupal form has appeared — the wing assumes the form 
and position shown in C, Fig. 324 Dewitz's description of the 
process leaves much to be desired, and it is doubtful whether in 
^ TrichoyUra europ, 1878, p. 366, note. * Bcrl. ewt. ZeUschr. xxv, 1881, p. 64 
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C the position of the wing on the exterior of the body is due 
to the stripping off of the chitinous int^ument, or to a process 
of eversion, or to both.’ 



Fio. 324. — Development of wings 
of Phryganeidae. (After l^witz.) 
A, Portion of body-wall of 
young larva of TrichoiUgia ; 
eh, chitiii, forming at r a pro- 
jection into the hypoilermis m; 
T and d forming thus the first 
rudiment of the wing. B, The 
|)arts in a largely grown larva ; 
a, Ct d, 6, the much grown hypo- 
dermis separated into two parts 
by r, the penetrating extrusion 
of the chitin ; mesoderm. G, 
Wing-pod of another Phrygoneitl 
fipeed from its case at its change to 
the pupa ; 6, outer layer of the 
hyp^ermis, w, of the body-w'al! ; 
Vt inner layer without nuclei. 


There are about 500 species of this family of Insects known as 
inhabiting the European region, and about 1 6 0 of this number occur 
in Britain. These are arranged by MTAtchlan ’ — whose zealous 
and persevering work at this neglected family of Insects is iKiyoud 
praise — in eight sub-families, on a system in which the structure 
of the maxillary palpi plays a principal part; they are called 


Phryganeides, limnophilides, 
Sericostomatides, Leptocerides, 
Oestropsides, Hydropsychides, 
Ehyacophilides, Hydroptilides. 
The first three of these form 
the division “ Inaequipalpia,” 
in which the number of joints 
in the maxillary palpi differs 
in the two sexes, but is always 
five in the female. 

Phryganeides. — This group 
includes the largest forms of 
the family, and appears to be 
almost confined to ' the tem- 


B' 



Fzo. 325.— Casc-s of British Trichoptera. A, 
Of Odontocerum alhicorne; A^ its ter- 
mination ; B, quadrangular case of Crun- 
oecia irrorata ; B^, mouth of case. 


perate regions of the northern hemisphere. This feature in 


^ Monograph of the British Trichoptera in Tr, tnU Soc, London, third series, yoL 
Y. 1865 ; and Monographic Revision of the European Trichoptera, 1874-1880. 
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their geographical distribution is, however, by no means peculiar 
to them, for a similar discontinuity of distribution exists in 
numerous other groups of Insects, and even in other divisions 
of the Phryganeidae. 

The Pbryganeides almost without ^ception inhabit still waters, 
and it is more specially to them that the brief sketch of meta> 
morphosis given in the preceding pages will be found to apply. 
The larva always has the respiratory filaments simple and thread- 
like, though elongate, and lives in a case that it carries about ; 
this case is open at both ends, and the larva is said to occasionally 
cut off the end having the least diameter and increase the other 
end, thus accommodating the habitation to its own growth. 

Limnophilidea. — These Insects have only three, instead of four, 
joints in the maxillary palpi of the male, but in most other respects 
agree with the Phryganeides. There is, however, greater variety 
in the habits of the larvae, though all live in free cases. In the 
genus Enokyla (Fig. 

3 2 O') we meet with the \ X 

auon^ly of a Trichopter- \( / 

ous Insect that lives ^ MJ 

amongst moss and dead 

leaves, far away, it may ^ m 

be, from water. The eases 

of the Limnophilides are y r 

constructed of a great ® ® d ^ 1 

variety of materials, and ' .i-rwin 

are often decorated with 
shells containing living — ^ 

inmates. yiq, 326. — Metamorphoses of Eimcyla pusilla. 

In the genus Apa~ (After Hitsema.) A, Cose of full -grown larva ; B, 

tCLUVld the phenomenon wingless adult female ; £, male, 
of parthenogenesis is 

thought to occur, there being at least two species in which no 
male specimen has ever been discovered, though M‘Ijachlan has 
made special efforts to discover the sex of A, muliehris. It 
should, however, be stated that these species have not been ex- 
tensively investigated ; A. aretka has been detected in the Arctic 
regions, and A. muliehris has occurred in several localities in 
Europe, in Britain chiefly near Arundel in a lake of intensely 
cold water. 

* VOL. T 2 I 
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Serieostomatides, like the LimQophilides, is a group rich in 
species; the larvae are chiefly found in streams. They form 

portable cases out of sand and stones 
^ (Fig. 3 25, B, case of Crunoecia irrorata) 

in preference to vegetable matter. It 
is here that the genus Hdicopayche, 
which for long was an enigma to 
naturalists, is now placed. This genua 
consists of Insects whose larvae form 

^ „ spiral cases, similar to small snail shells, 

thtuoeworthi. (After von Sie- of sand or luinute stones. Ihese objects 
4* sins ; B, C, occur in various parts of the world. 

maguineu. * 

Fritz Mtiller ^ has informed us that the 
larva inhabiting one of them, when it withdraws entirely within 
its abode to repose, takes the precaution of anchoring its snail- 
like habitation, fixing it to a rock or stone by spinning some 
temporary silken threads. The respiratory filaments in this 
group are filiform. 

Leptocerides. — The first group of the division Aequipalpia ; 
so that there are five -jointed maxillary palpi in both sexes; 
these organs are frequently developed in a remarkable manner. 
The antennae are usually extremely long and slender. The case 
of the larva is portable (Fig. 325, A, wise of Odo^itocervm) ; 
tlie respiratory filaments are not very conspicuous; they fonn 
short tufts placed on various parts of the abdomen. Muller ^ has 
called attention to a species whose larva lives in Brazil between 
the leaves of Brorneliae on trees. 

The Oestropsides is a small group, and has recently been 
reduced by MT^achlan to the rank of an inferior division. 

Hydropsychides. — ^An extensive gi’oup, in which the larvae 
are believed to be chiefly of carnivorous habits. They vary, 
according to species, as to the nature of the respiratory 
filaments, and live in fixed abodes ; these are less tubular than is 
the rule with the portable cases, and are formed from pieces of 
sand and stone spun together and fixed to larger stones under 
water. Sometimes several larvae live together in loosely compacted 
structures of this kind, and only form true cases when about to 
undergo their metamorphosis. Muller describes^ a Brazilian species 
of Rhyacophylaao as fonniug a case in which the mouth-end has a 
^ ZeUachr* wisa, ISooL xxxv. 1881, PL IV. fig. 6. 
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large funnelrshaped verandah, covered by a beautiful silken net. 
This larva lives in the rapids of various rivulets, and the entrance 
to the verandah is invariably directed towards the upper part of 
the rivulet, so as to intercept any edible material brought down 
by the water. Several of these larva4|^noreover, build their cases 
so that they form a transverse row on the upper side of a stone ; 
as many as thirty cases may be placed in one of these rows, and 
sometimes several rows are placed parallel with one another. 
This same larva has the habit of coming out of its case when 
necessary, and suspending itself in the water — ^as some caterpillars 
do in the air — by means of a silken thread. Other members of 
the Hydropsychides form tulies or covered ways of silk, earth and 
mud attached to stones, and in which they can move freely about. 
Some of the Hydropsychidae have been ascertained with certainty 
to be airnivorous in the larval state. A species of the genus 
Hydropsyche has been found by HowanP to help itself in the 
task of procuring food by spread- 
ing 71 net in the water in con- 
nexion with the month of its 
case. This net is woven in wide ' 
meshes with extremely strong 
silk, and supported at the sides 
and top by bits of twigs and 
small portions of the stems of 

water-plants. Small larvae 328.~Casc, with head of kna and 
- , - _ snare of North American Hydropsy- 

brought down by the current chid. (After Kiley and Howard.) 

are arrested by this net for 

the advantage of the larva that lurks in the tube. The 
breathing organs of the larvae of Hydropsychides are apparently 
of a varied character, and would well repay a careful study. Mr. 
Morton informs the writer that some of our British species of 
Philopotamus and Tinodes have no gills either in the larval or 
pupal state, and probably respire by means of modified tracts in 
the integument. In some of the allied genera, e,g, Polycentropusy 
the larvae are destitute of gills, but the j)upae possess tliem. 

The Rhyacophilides is another group in which the larval 
habitations are fixed. Some of these larvae have no respiratory 
filaments, breathing only by means of tlie stigmata, but others 
have tufts of filaments. These Insects have a peculiarity in their 

^ lUp, of th 4 EMoimlogist^ 1886, p. 510, Washiugtoxi. 




484 


NEUROPTERA 


CHAP, 


metamojrphosis inasmuch as .the larva, instead of lying free, con- 
structs a cocoon in its case or other habitation in which to change 
to a nymph. In the larvae that do not make use of a portable 
case the abdominal hooks are not essential, and are replaced 
by other organs differing much in structure, being sometimes 
apparently of a sensitive nature, in other forms possibly respira- 
tory. Muller tells us of a carnivorous larva of this group in 
which the anterior legs are armed with powerful forcejis for pre- 
datory purposes. 

The Hydroptilides comprise the most minute of the 
Phryganeidae, and tlieir species will prob- 
ably prove to l)e very niiiiieroiis in well- 
\vatered tropiail rt^gions, though few have 
yet ]>een descril^ed from there. The per- 
fect Insects (Fig. 320) l)ear an extreme 
resemblance to small moths of the group 
Tineidae. The larvae (Fig. 329) are des- 
titute of respiratory filaments, and con- 
struct portable cjases of a variety of 
forms, some resenil)ling seeds. Miiller has 
given jMirticulars of a curious nature as 
to the cases of some Brazilian Hydrop- 
tilides; one species moors its dwelling 
to a stone by means of a long silken 
cable, by this artifice combining safety 
with the power of ranging over a con- 
siderable extent of water. Iii Diavlm 
there is only a narrow slit at each end 
of the case, but one side of it is provided with two chimneys to 
permit the flow of water for respiratory purposes. 

The larva of Oxyethira (Fig. 330) is a curious form, possess- 
ing comparatively long legs, and a head and thorax slender in 
comparison with the distended hind body. The cases are 
fastened, for the puri)ose8 of pupation, to a leaf of a water-lily. 

Some very curious anomalies as regards the development 
of the wings exist in the Phryganeidae; Anomalopteryx, for 
instance, has the wings quite short and useless for flight in 
the male, while in the other sex they are ample ; in Enoicyla 
— the curious Insect figured on j). 481, in which the larvae 
are of terrestrial habits — we find the females with only rudiments 



Fio. 329 . — JiydroptUa wac- 
IocMmuL B, Case w'itli 
larva magnified; A, larva 
more magnified. (After 
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of wings, while in Thamastes the posterior wings are absent in 
both sexes. These anomalies are 
at present quite inexplicable; and 
we may here mention that we 
are in complete ignorance as to 
the functional importance of 
many of the peculiarities of the 
riiryganeiJae. We do not know 
wliy tlie mouth is reduced from 
the normal state, tlie maxillary 
palpi being, on the other liand, 
extraordinarily developed ; we do 
not know the importance of the 
numerous spines and of the 
spurs on tlie legs, nor of tlie 
hairs on the wings, although 
these are amongst the most 
characteristic of the special features of this group of Insects. 

][^0SSil8. — Abundant remains of Phryganeidae belonging to 
the Tertiary epoch have been discovered They are common in 
amber, and it is a remarkable fact that a larval case has becui 
found in amber. This seems almost inexplicable, except on the 
assumption that such larvtie were of arl)oreal habits, a condition 
that, at the present time, must be excessively rare, though the 
terrestrial habits of Enoieifla warrant us in believing it may 
occur. Ill the Tertiary Lake Basin at Colorado the remains of 
Phryganeidae in the imago state are extremely abundant, so 
that it is curious that but few such remains have been found in 
Europe. In Auvergne the so-called iiidiisial limestone, which 
is two or three yards thick over a wide area, is considered to be 
composed chiefly of the cases of lar\^ae of this family. 

In the Mesozoic ei)ix?h some wings found in the lower Purbeck 
strata are considered to be those of Phryganeidae; similar wings 
have been found in the Lias, but this is the only evidence of 
the existence of the family at that period except a tube, supposed 
to be a larval case, detected in the Cretaceous of Bohemia. 
Earlier than this nothing has been discovered that can be 
connected with the family, so that at present the palaeontological 
evidence appears unfavoumble to the view held hy some that 
^the Phryganeidae may be considered forms allied to the early 



Fw. 330 . — Oxyethira costalis. A. Larva 
ill case ; B, cases fastened to leaf for 
pupation. (After Klapsilek.) 
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conditions of the Lepidoptera. It should be noted that the 
head in Phryganeidae is the most important part from a, 
systematic point of view, and that fossils have been chiefly 
identified from the wings ; this is a much more doubtful 
character, as the wings of the Phryganeidae have a simple 
system of neuration, and in shape have nothing very charac- 
teristic; 

Extinot Order Palaeodictyoptera. 

This seems to be the fittest place to notice the existence of 
some fossil remains from the Palaeozoic rocks that cannot, be 
fitly, or certainly, assigned to any of our existing Orders, and to 
which the above name has consequently been given. These 
remains consist chiefly of wings in a more or less imperfect state 
of preservation, and it is therefore quite doubtful whether the 
course of assigning them to a separate Order supposed to be ex- 
tinct be correct. This is all the more doubtful when we recollect 
that an Insect fossil, Eugereon bockingi, having the head with 
mouth-parts of a Hemipterous or Dipterous nature, has been found, 
the wings attached to it being such as, had they been found 
separate, would have been considered to be Neuropterous, or at 
any rate allied thereto. About forty-two forms of Palaeodicty- 
optera are assigned by Scudder to a section called Neuropteroidea, 
and may therefore be considered to have a special resemblance 
to our Neuroptera. These Neuropteroidea comprise numerous 
genera and no less than six families. Scudder’s view is at 
the best tentative, and is not very favourably received by some 
entomologists. Brauer has, indeed, objected altogether to the 
formation of this Order Palaeodictyoptera, and Brongniart has 
published a list of the Palaeozoic Insects in which a system 
of arrangement different to that of Scudder is adopted. In his 
most recent work' Brongniart assigns some of these Neur- 
opteroidea to the families Platypterides and Protodonates, which 
we have previously discussed. The whole subject of these 
Palaeozoic Insect remains is still in its infancy, and it would 
not be proper to accept any view as final that has yet been 
stated, nor would it be fair to dismiss the subject as unimportant 
because cff the great divergence of opinion amongst the authorities 
who have investigated it. 

^ Insectes fo88il€8 des tempi jmmaires, 1893, p. 88. 



CHAPTER XXII 

HYMENOPTERA HYMKNOPTERA SESSILIVENTRES — CEPHIDAE — 

ORYSSIDAE SIRICIDAE TEKTHREDINIDAE OR SAWFLIES 

Order IV. Hsrmenoptera. 

Wings four ^ membranous, without scales, usually transparent, never 
very large, the posterior pair smaller than the anterior ; the 
cells formed by the nervures irregular in size and form, never 
very numerous (less than twenty on the front, than fifteen on 
the hind, wing). Mandibles conspicuous even when the other 
parts of the mouth form a proboscis. The side^pieces of the 
prothorax are disconnected from the pronotum and overlap 
the prosternum, usually entirely concealing it. The females 
are f urnished at the extremity of the body with either saw, 
sting, or ovipositor ; these parts may either be withdrawn 
into the body or be permanently protruded. The metamor- 
phosis is great and abrupt, the chief changes being revealed 
in the pupa disclosed at the last moult of the larva ; this moult 
is frequently delayed till long after growth has been com- 
pleted. In the pupa the parts of the perfect Insect are seen 
nearly free, each covered in a very delicate skin. 

The term Hymenoptera includes ants, bees, wasps, sawflies, and 
the tribes of innumerable Ichneumon-flies. The Order is of 
enormous extent, consisting even at present of tens of thousands 
of described and named species, and yet these are but few in 
cotnparison with those that remain unknown. It has good claims 
to to considered the ‘‘highest’’ Order of Insects. Sir John 
Lubbock says : “ If we judge animals by their intelligence as 
evinced in their actions, it is not the goriUa and the chimpanzee, 
but the toe, and above all the ant, which approach nearest to 
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inan/*^ The mechanical perfection of the structures of the 
individuals, and the rapid and efficient manner in which their 
functions are discharged, are very remarkable. In many species 
of Hymenoptera the individuals have the habit of living together 

in great societies, in 
which the efforts of 
the members are com- 
bined for the support 
of the whole society 
and for the benefit 
of a younger genera- 
tion. To fit them 
for this social life 
the bodies of the 
larger number of the 
individuals are more 
or less changed in 
structure, so that 
X they become workers. 
These workers are in 
all cases imperfect 
females ; besides 
Fia. 331. — Bomhu4i lucorum. A, Adult larva ; B, pupa ; carrying Oil tho 
C. ‘'““SO. fon'rfo- Britain. ordinary work of the 

society, they tend and feed the young. The duty of reproduc- 
tion is restricted to a single female, called a queen, or to a small 
number of such individuals in each society. The males occupy 
an unimportant position in the society, and are usually much 
sliorter-lived than the workers and queens. The social Ilymen- 
optera do not form a single zoological group, but are of three 
different kinds — wasps, bees, and ants. There are numerous 
non-social, or solitary, wasps and bees. 

In the Order Hymenoptera — especially in the higher forms 
— the males and females are often different in appearance and 
structure. In the ants, one of the social groups, the workers, or 
imperfect females, are quite wingless. There are numerous other 
groups in which sjiecies, not social, are found, having the females 
wingless while the males have wings. In a few species there is 
an apterous condition of the male, perhaps usually only as a 

^ P. enL Soc, Lomdon^ 1866, p. Ixv. 
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dimorphic form. In the parasitic division there are species that 
are apterous in both sexes. The structure of the outer skeleton, 
or external part of the body, exhibits some peculiarities, the chief 
of \rhich is the detachment of the side-pieces of the prothorax and 
their great develojment. Not les^lemarkable is the abstraction 
of a segment from tlie abdomen to become, as it were, part of 
the thorax ; while between the first and second true segments of 
the abdomen there exists a joint, or articulation, of the utmost 
mechanical perfection, enabling the operations of stinging aiid 
piercing to be executed with an accuracy that cannot be surpassed. 

As a result of the detachment of the thoracic side-pieces, the 
front legs and the structures connected with them are disjoined 
from the notum, as shown in 
Fig. 332, and act in connex- 
ion with the head, while the f 

dorsal portion of the segment ' 

remains atttiched to the great 

tln>racio mass. The head is ^ 

<Xui!te free from the thorax | 

and very mobile; the upper \ ‘‘A U Vy 

organs of the mouth — the \ V F a ^ 

labrum and the mandibles — ^ Q ' 

are not subject to modifica- / » \ 

tions equal to those exhibited ^ 

by the maxillae and lower 332.-3'en</tmfo, with head Mly ex- 

lip, which parts in the bees membrane ; (/, mesonotttiii, 
are prolonged to form a suc- 
torial apparatus that may exceed in length the whole body of 
the Insect. The mandibles remain cutting or crushing imple- 
ments even when the maxillae and lower lip are modified to 
form a suctorial ax)paratus of the kind we have mentioned ; so 
that in the higher forms — ants, bees, and wasps — the mouth- 
pieces are completely difR'rentiated for two sets of functions, one 
industrial, the other nutritive. 

Behind tlie head there is a large consolidated mass rcjiresent- 
ing‘ the thorax of other Insects, but made up, as we have already 
indicated, in an unusual manner,' and which therefore may be 
called by a special name, the alitrunk (Fig. 333). The pronotum 
forms the anterior part of the alitrunk, with which it is usually 
very closely connected, being indeed frequently immovably soldered 
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thereto. It exhibits, however, considerable variety, and is seen 

in its simplest and least soldered state in 
C«iphu$. In the higher bees the pro- 
notam takes on a form not seen in any 
other Insects, being one of the most 
beautiful sclerites to be found in tho 
class (Fig. 334, pronotum of Xylocopa). 
We have already remarked that in 
Hymenoptera the lower portions of the 
prothoracic segment are detached from 
the upper, so 
that the pro- 

notum is not 
supported be- 
neath by a 
sternum as . 

USUaL In the 8$4. — ^Pronotnm of a car- 

bees in ones- p*®**' ’*«• -Vy«oci>j» ap. 

, . . , ^ East India. 

tion the pro- 

notum makes up for the removal of the 
corresponding side-pieces and sternum, 

no, 333.-Alitmnk of Sphex by becoming itself a complete ring, 
<A>ysM. A, D^l aspect : sides being prolonged and meeting 

turn; c, tegnia ; d, base of lu the middle line of the under sur- 
an^or,<,ofpo^(iT.wing; jjjg body. At the same time 

median (true first abdonii- a large lobe IS developed laterally du 

SsTstS^Bd^bdLtali overlying and protecting the 

segment, usually called the first breathing orifice. The intermediate 
S^nt.'**' stages of this remarkable modification 

pect of the median seg- may be observed by dissecting a small 
ment: o, upper part; b, . - of bfioa 

superior, c, inferior abdomi- genera 01 DeesS. 

nal foramen ; d, ventral Although the prostemum of a Hymen- 
plate of median segment : . t j. • j. • -i i 

^ coxa. opterous Insect is not usually visible 

owing to its being overwrapped by the 

side-pieces, it is really, as shown in Fig. 335, B, of complicated 

form. In Cimbex and some other sawflies the side-pieces are not so 

large as usual, but the prostemum is larger and is exposed. The 

prothoracic spiracle is rarely visible externally, but its position 

is remarkably constant, and is usually indicated by a peculiar 

lobe or angle of the pronotum projecting backwards just below 
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the insertion of the front wing. This stigiuutic lobe is frequently 
fringed with short hairs. 

The mesothorax is the largest of the three divisions of the 
thorax proper ; its notum is large, a^id usually divided into two 
parts by a transverse suture, l^e side- 
pieces are so placed that the epinieron is 
rather behind than below the episternuin. 

The mesosternuin forms the larger part of 
the under-surface of the alitrunk. A very 
large phragma projects from the meso- 
thorax into the interior of the body. The 
mesotlioracic spiracle is usually not visible ; 
its existence was unknown to the older 
entomotomists, who were in consequence led 
to consider the spiracle of the median seg- 
ment as belonging to the thorax. The nieso- 
thoracic spiracle is, however, easily seen in 
Cimhex, placed m the suture between the front legs of the hornet 
meifcthoracic epimeron and the metathoracic of )ro’ 

episternum, a little below the insertion of thorax* owning The 

the front wing : close to this spot the meso- prosternum ; ^ coxa ; 

. -in,., trochanter. B, pro- 

phragma, just spoken of, comes, in Cimhex, sternum proper, as seen 

to the surface. The mesothoracic spiracle 

IS generally conspicuous in the worker ant. 

The parts of the metathorax are usually small, but so much variety 

prevails in this respect that no general description can be given. 

The structure of the posterior part of the alitrunk has given 
rise to an anatomical discussion that has extended over three- 
quarters of a century,^ with the result that it is now clear that 
the posterior part of what appears to be thorax in Hymenoptera 
is composed of an abdominal segment. This part has been called 
'' Latreille's segment,** the “median segment,** and the “pro- 
podeum.** The latter term was proposed by Newman, under the 
form of propodeon,'** and appears to be on the whole the most 

^•For a history of this complex question, see Gosch, XalurhisL Tidskr. (Rk. 3) 
vol. xiii. 1881 ; and also Braucr, SUxb, Ak, Wkn^ Ixxxv. 1882. 

* Introd, hiat, Insccta^ 1841, p. 143. The names proposed by Newman may be 
adopted when it is specially rec^uisite to use terms that are morphologically correct. 
According to his nomenclature the true whole abdomen of petiolate Hymenoptera 
consists of three anatomical |mrts : 1, the petiole or podcon ; 2, the propodeon or 
part in front of the petiole ; 3, the metapodoou or part behind the petiole. 
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suitable term for this part, which is of great importance in 
systematic entomology, owing to the extreme variety of characters 
it affords. Although it is clear that the propodeum is, in large 
part, an abdominal segment, yet its morphology is still uncertain ; 
what parts are pleural, what tergal, and what may be chitinised 
spiracular area, or portions of the metathorax, being undetermined. 
The ventral portion of the propodeum affords a strong contrast 
to the dorsal part, being so small that it has frequently been 
described as absent ; it is, however, not difficult to detect it in 
the position shown at d, Fig. 333, B. 

Although the true first segment of the abdomen is detached from 

its normal position and added to the thorax, yet the term abdomen 

is conventionally restricted to the part 

that commences with the true second 

segment, which, in counting the number 

of abdominal segments, is reckoned as 

being the first. There are two modep 

of articulation of the Hymenopterous 

abdomen with the alitrunk; in one 

(Fig. 336, A) the base of the abdomen 

remains of the calibre usiial in Insects, 

while in the other (Fig. 336, B) it is 

Fio. 336. — Articniation of abdo- npeatly contracted, SO that the two 
men and alitrunk of, A, Cwn- ^ ^ ^ ^ ^ i j 

bee, B, Veejm.- a, Propodeum parts are connected only by a slender 

or medinu segment ; 6, dorsal the petiole. The petiole, besides 

plate of flrst (second true) . , . . p ^ 

aMoimnai segment or petiole ; articulating in a very perfect manner 

e, of propodeum ; propodeum by means of cer- 

a, hind coxa; e, ventral plate . . ^ , • i 

of 6rat (second true) abdomi- taiii prominences and notches, IS also 

nai segment. Connected therewith by means of a 

slender ligament placed on its dorsal aspect and called the 

funiculus, shown in Fig. 333, A, just at the extremity of the 

pointing line k. This mode of articulation gives great freedom 

of motion, so that in some I’etiolata {Amptdex) the abdomen can 

be doubled under the body and the sting brought to the head. 

It is worthy of note that even in tlie Sessiliventres — ^as the sub- 

Order with broad-based abdomen is called — some amount of 

movement exists at the corresponding spot.; while, as shown in 

Fig. 336, A, between a and b, there exists an exposed membrane, 

the homologue of the funiculus. 

The number of abdominal segments that can be seen in the 
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perfect Insect varies greatly. In Tenthredinidae nine can be 
distinguished, while in some of the Chrysididae it is difficult to 
detect more than three behind the petiole. These distinctions 
are, however, superficial or secondary, being due to changes in 
the later life in connexion with the stings or borers; in the 
larvae that have been examined thirteen segments behind the 
head have usually been detected. 

Nothing is more remarkable in the Hymenoptera than the 
great differences that exist in the form of the petiole. This may 
be very short, as in the liees, so that the abdomen when not 
deflexed does not appear to he sopamted from the thorax (Fig. 
331, C); in this condition it is said to be sessile, a term which 
it would be well to replace by that of pseudosessile. In many 
of the solitary wasps the petiole is very long. In ants it is re- 
placed by one or two curiously-shaped small segments called 
nodes (Fig. 60, B, 2, 3), and in many ants these are provided 
with structures for the production of sound. The abdomen is 
formed by a system of double imbrications; each dorsal plate 
oveflaps each ventral plate, and the hind margin of each segment 
embraces the front part of the one following ; thus this part of 
the body has not only great mobility, but is also capable of much 
distension and extension. The plema are apparently absent, but 
each one has really become a part of the dorsal plate of the seg- 
ment to which it belongs. This is shown to be the case by 
Civihex, where the division between pleuron and dorsal plate 
exists on each segment except the basal one. Owing to this 
arrangement, tlie abdominal stigmata in Hymenoptera appear 
to be placed on the dorsal plates. 

The organs for mechanical purposes existing at the extremity 
of the body in Hymenoptera exhibit a great diversity of form ; 
they are saws, borers, piercers, or stings. Notwithstanding 
their great differences they are all, in their origin, essentially 
similar, and consist of six parts developed from limb-like pro- 
longations on the penultimate and antepenultimate segments of 
the larva, as described by Packard and Dewitz.^ These processes 
have by some been thought to be not essentially different from 
abdominal legs, and Cholodkovsky has recently advocated this 
opinion.* 

* Zeittekr. wits, Zool. xsv. 1874, p. 184. 

* Ann, Mag, Mat, Sitl, (6) x. 1892, p. 442. 
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The legs of bees exhibit modifications for industrial purposes. 
In the stinging Hymeiioptera the trochanters are usually of a 
single piece, and these Insects are called monotrochous ; but in most 
of the other forms the trochanters are more or less distinctly 
divided into two parts (Fig. 345, b). The usual number of joints 
in the tarsus is five, but is subject to diminution in many cases. 
In the bees and ants the first joint is altered in form ; in the 
bees to act as an instrument for gathering or carrying pollen ; in 
the ants to act, as it were, as a second tibia, ^tween the 
claws there is a very perfect pad, already described and figiured 
on p. 106. 

The wings are remarkable for the beautiful manner in which 

the hinder one is united to the 
anterior, so that the two act in 
flight as a single organ. The 
hind wing is furnished with a 
series of hooks, and the hind 
margin of the front wing is 
curled over so that the hooks 
catch on to it. In some of the 
parasitic forms the wings arc 
almost destitute of nervures, 
and have no hooks. The powers 
3 of flight in these cases are prob- 
6 ably but small, the wings merely 
serving to float the Insect in 
the air. In some Hymeiioptera, 
especially in Pompilides and 

F»o.88r.-Wmg«ofacAiTenter be*. A. Xylocopa, the wings may be 
The pair of wings separated a, posi- deeply pigmented or evcn me- 
tion of the hooks : B* the same wings . n . ^ i . « z* 

when united by the hooks. G, Portions talllC J and in SOmC lorms Ot 

of the two wings : a, the scries of Tenthredinidae, Ichneumonidae, 

hooks ; 0 , marginal hairs ; c, portion o* , -p. • j i 

edge of front wing, of which the other and Braconidae the pigmenta- 

shwttfe assumes the form of definite 

patterns. 

The studies of the internal anatomy of Hymenoptera are at 
present by no means numerous or extensive. The alimentary canal 
(Fig. 69) possesses a crop, gizzard, and chylific stomach in addition 
to the oesophagus and intestine. The social Hymenoptera have 
the power of disgorging matter from the alimentary canal for the 
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purpose of supplying food for their young. The crop — which 
is situated in the anterior part of the abdomen — is the reser- 
voir that contains this matter. The mode of disgorgement is 
believed to be pressure exerted on the crop by contraction of the 
abdomen. Salivary glands are p^i^nt in remarkable variety. 
The tracheal system possesses, in the higher winged forms, large 
saccular dilatations situated at the side of the abdomen. The 
nervous system is of peculiar interest on account of the high 
intelligence of many of the members of this Order ; and on this 
point of the anatomy, Brandt ^ has made rather extensive inves- 


Fig. 338. — Central nervous system 
(supra-oesophageal ganglion and ven> 
tral chain) of a worker ant, Cam- 
pomtm ligniperdns, (After Forel.) 

• Cerebral hemisphere ; ft, primor- 
dial cerebral lobe or pediinculato 
lx)dy (depressed so as to show other 
parts) ; c, olfactory lobe (raised 
from natural position) ; df nerve 
to labnim ; c, antennary nen^e ; / 
scape of antenna ; g, eye ; ft, optic 
nerve ; /, longitudinal commissures 
connecting the hidden sub-oesopha- 
geal ganglion with ft, the prothoracic 
ganglion ; /, niesothoracic, m, xneta- 
thoracic ganglion ; a, ganglion of the 
petiole ; »i, nerve from petiole to 
other part of aMomen ; r, q, o, 2nd, 
3rd, 4th abdominal ganglia ; p, tei^ 
iniual nerve to cloaca; t bases of 
legs. 


ligations, having examined it in the adult of seventy- eight 
species, and in the larva of twenty-two. In the adult there are 
two cephalic — the supra- and the sub-oesophageal — two or three 
thoracic, and from three to seven abdominal ganglia. The bees, 
wasps, and some other of the Aculeata have only two thoracic 
ganglia, while some ants have three. The supra-oesophageal 
ganglion is very large. The most remarkable fact revealed by 
Brandt’s investigations is the great difference that exists between 
the sexes and the worker caste in the same speciea The pedon- 

^ Clt, Ac, Paris, Ixxxiii. 1876, p. 613, and Ann, Mag, NcU, Hist, (4) xviii. 1876, 
p. 504 ; also iToroc Soc, Ross, xv. 1880, pp. 20 and 31. 
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cukte bodies of the supnM)esophageal ganglion are considered to 
be in their developbient correlatiye with that of the intelUgence 
or instinct. In the workers of the social Hymenoptera these 
bodies are veiy large, while in the males and females the7 are 
small. The worker^ and females of Bomhu have six abdominal 
gai^lia, while the males have only five ; and the worker of the 
hone7-bee has five abdominal ganglia, while the male and the 
qaeen*bee have but four. In the leaf-cutting bee (Megachile) the 
male has four abdominal ganglia and the female five, and in the 
wasps the workers have five, the males and females six. The 
nervous STstem in the larvae shows but little difference between 
the ganglia, which are thirteen in number, eight being abdomiiul. 
In the embr7o of the bee £owalew8k7 has observed seventeen 
ganglia. The changes that take place from the embr7onic 
to the imago condition are therefore directed to the reduction 
in number of the ganglia, which is accomplished b7 the 
fusion of some of them. In the adult HTinenopterous Insect it 
would appear that the first abdominal ganglion is alwa7s joined 
with the last thoracic. 

Sub-Orders. — The distinction in the form of the abdominal 
articulation, previousl7 alluded to (p. 492 , Fig. 336 , A, B), 
divides the H7menoptera into two great eub-Orders, the members 
of which are ver7 different in their habits and life-historiea 
The Sessiliventres are plant-eaters ; their larvae (Fig. 343 , A) are 
provided with legs, and are able to procure their vegetable food 
for themselves. The larvae of the Fetiolata are maggot-Uke 
and helpless, and are dependent for food on supplies afforded 
them b7 their parents or companions. It is said b7 Dewitz that 
although the larvae of the Fetiolata appear to be.legless, there are 
thmncio 1 ^ within the bod 7 . The metamorphosis, so far as it 
is known, and the earl7 life-histor7 of the Sessiliventres are ver7 
similar to those of butterfiies and moths, except that the pupa is 
soft and has no hard external skin. of tK^ plant-eating 

SessilivMitres become camivorou{» in the perfect state — a change 
of habit that is most unusual in Insects, thpugb the reverse 
occurrence is common. The of the i^etiolata exhibit, in 

the cases that have been examinra, the peculiarit7 that the 
alimentar7 canal has not an7 outlet posteriorl7 until the ter- 
mination of the larval stage of existence is approaching. 
some cases there is no anal orifice ; in others this orifice exists. 
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but there is no communication between the stomach and the 
posterior intestine. 

Packard informs us^ that in Bomhus the larva, after it is 
full fed, passes into the pupa state (Fig. 331, A, B) by a 
series of transformations accompaniedr l>y moultings of the skin. 
Packard's statements have been confirmed by others, but details 
have not been fully given, so that the number of the moults, 
tlieir intervals and other particulars, are still unknown. We 
liave remarked that the pupal instar is very like the perfect instar, 
except that it is colourless and soft, and that each of the members 
is wrapped in a very delicate skin ; the colour appears gradually. 
Tliis metamorphosis exhibits imjmrtant diflerences from that of 
the I.^pidoptera. I^ackard calls the Insect, during the stages of 
transformation from the full-fed larva to the pupa, the semi-pupa; 
the later stages of tlie pupa, when the colouring has appeared, he 
terms the subimago. Altogether he considers there is a series of 
at least ten moultings of the skin. His ideas were apparently 
derived from examination of a series of specimens after death 
ratht^t* than from observation of the development in living indi- 
viduals. The parasitic forms of Hymonoptera have apjmrently 
extraordinary metamorphoses of very varied kinds. 

Parthenogenesis. — One of the most remarkable facts con- 
nected with this Order is the prevalence of parthenogenesis in a 
considerable number of \videly separated species. In many of 
tliese Hymeiiopteru it is not a mere occasional occurrence, luit 
plays an imxwrtant part in the continuity of the species; in- 
def?d, it is believed tliat in .some niemtos of the Order the 
reproduction is entirely ])arthenogenetic. We shall give par- 
ticulars as to some of these cases in subsequent chapters, and 
will here make some remarks on the different forms of pirtheno- 
gcuesis existing in the Order. The three forms of i)arthenogenesis 
mentioned on p. 141 all occur in Hymenoptera. In the gall- 
making Cynipidae parthenogenesis is frequently accompanied with 
alternation of generations, a genli^tion consisting of the two sexes 
being followed by another consisting entirely of females, which 
in its turn gives origin to a bise^u^ generation. In this case 
deuterotokous parthenogenesis is established as a part of the normal 
economy of the species. This same form of parthenogenesis also 
occurs in other species of Cynipidae unaccompanied by alternation 
^ P. Boston Soc, X. 1866, p. 279. 
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of generations. Thus in Jthoditea rom« tbe generations resemble 
one another, and the male is very rare, hut is still occasionally 
produced,^ and the same condition exists in other Cynipidae. 
According to the observations of Adler, we may assume that the 
male, in the latter cases, is useless, the continuation df the species 
being effected by virgin females although males exist. Deutero- 
kous parthenogenesis akip occurs in the sawflies, but as a com- 
paratively rare phendmenoh.^ • 

Thelyotokous parthenogenesis is common in sawflies, and it 
also occurs in some Cynipidae. There are seversi species of this 
latter- fhmily in which no males hjive ever been found ‘ The 
phenomena in Bhoditei roaa« we have mentioned, give rise to 
the idea that in that species deuterotokous parthenogenesis occurs 
as an excepticm, the species being usually thelyotokous. A 
most remarkable case of thelyotokous parthenogenesis is said to 
exist in the case of the parasitic ant Tomogmthns. This species 
is said to be monomoiphic, only the female existing, and repro- 
ducing by uninterrupted parthenogenesis. ' 

Arrhenotokous parthenogenesis — i.e. parthenogenesis in whieh 
the progeny is entirely of the male sex — occurs in several species 
of sawflies. We find it also occurring in the case of the social 
Hyinenoptera; the workers of ants, bees, and wasps occasionally 
produce eggs parthenc^netically, and the "progeny in these 
cases is always of the male sex. In the honey-bee the queen 
sometimes produces eggs -before she has been ‘ fertilised, and 
the parthenogenetic young are then always of the i^le sex/ 

Some species ^of Hymenoptein’ exhibit two forms of partflieho- ' 
genesia In Neniatiu curtispina the parthenogenetic generation is 
generally of the male sex, but a female is occasionally proddced ; * 
while in Hemiehroa rvfa parthenogenesis may result in either 
deuterotokous or thelyotokous progeny. No case is yet. known 
of a species exhibiting the three forms of parthenogenesis. From 
this review we may conclude that parthenogenems does n^ 
favour the formaticn of one sex more than another ; but it id 
clear that it decidedly favours the production of a brood thnt is 

^ Adle^ Deutsche ent, Zeitschr, xxi. 1877, p. 209. ^ 

Camel^n, JBril, PhyL Hym, Society, i. ^882, p. 29, and ii. *1885,^ p. 218. 

’ Caxnerosl^ iv. 1893, p. 9. * ' ; / 

* BriL Phytn Hym, i. p. 27. Fletchefe record, referred to by Cameron, men- 
tions A". hiiliaris, but this name was probably errotteous. ^ 
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entirely of . one sex, but which sex that is differs according to 
other circugiatances.. ' 

PriMkiction of Sex,— It is believed that a very peculiar form 
of parthenogenesis exists in the hon^-bee, and it is confidently 
stated that the drones, or males, of ^rat species are always pro- 
duced from hnfertilised eggs. These views are commonly called 
the Bzierzon theory, and are widely ‘accepted. They assume 
that the> eggs are male tiU. fertilised, and then become female. 
After the queen-bee is fertilised most of the spermatozoa soon 
find their way into a sm^ chamber, the spermatheca, near the 
posterior orifice of the body ; it is believed that each egg' may 
be fertilised as it passes the door of this chamber, and that the 
eggs that product females (t.«. workers or queens) are so ferti- 
lised, but that the eggs that {i^roducd* drones are not fertilised. 
Henra it is supposed that the sex is determined by this act of 
fertilisation, and Cheshire has describe what he calls an appa- 
ratus for differentiating the sexes. It is qlso confidently stated 
that no male honey-b^ ever has a father. 

|:he facts we have stated as to the sexes resulting from 
par^enogenetic reproduction in Hymenoptera generally, are 
extremely opposed to the Bzierzon theory, in so far as this 
relates* to the production of sex. There' have always .been 
entomologists' Who have considered this view unsatisfactory, 
and the observations of several recent FrUnch naturalists^ are 
unfavourable to the idea that the sex of an egg is determined by 
its fertilisation. 

There can bO no doubt that the queen )ioney-bee frec^uently 
produces males parthenogenetically, and the error of the views 
we are alluding to consists in taking the parthenogenesis to be 
the cause of the sex of the individuaL. It must be recollected 
that the laying eff an unfertilised egg by a fertilised female may 
be different physiologically from the laying of an egg by an 
unfertilised female; for, though both have as result an un- 
fertilised egg, it is possible that the fertilisation of the female 
may initiate processes that modify the sex of the eggs prodiiced 
by the ovaries, so that though these may produce previous to 
fertilisation only male eggs, yet after fertilisation they may 
produce eggs of the (^posite sex or of both sexqs. In other 

^ See Perez and Cameron, Tr. XiU. Hit/L 8oe. OUtagow, n.'B. U.18S9, v* It4. 

, . *•> Fe^re, Marchal, 'Kicoles. 
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trords, the act of fertilisation may initiate a different condition 
of nutrition of the ovaries, and this may determine the sex of 
the eggs produced. 

PolymcHrphism, or Castes. — The question of the causes of 
the modified individuals forming the various castes of the social 
Hymenoptera has been much discussed. These individuals are 
many of them very different in size and structure from either of 
their parents, and are also different in their habits and instihcta 
This difficult subject is far from being completely elucidated. 
In the case of the honey-bee it is well established that an egg of 
the female sex can, after deposition, be made either into a queen 
or a worker-bee by the mode of nutrition — using that word in 
the largest sense. On the other hand, Dewitz thought that in 
the case of the ant Formica rufa, the caste — whether worker or 
winged female — is already determined in the Insect before leav- 
ing the egg.^ Weismann and others associate the caste with 
some hypothetic rudiments they consider to exist at the vejry 
earliest stage of the embryonic, or oogenetic process. 

Herljert Spencer says ; * “ Among these social Insects the sex 
is determined by degree of nutrition while the egg is being 
formed,” and " after an egg, predetermined as a female, has been 
laid, the character of the produced Insect as a perfect female or 
imperfect female is determined by the nutrition of the larva. 
That is, one- set of differences in structure and instincts is deter- 
mined hy nutrition before the egg is laid, and a further set of 
differences in structures and instincts is determined hy nutrition 
after the egg is laid.” 

Spencer’s generalisation is not inconsistent with the facts 
hitherto brought to light, though it is possible that the progress 
of knowledge may show some variety as to the periods of the 
development at which the commencements of the modifications 
occur. 

Fig. 339 represents the chief castes, or aulult forms, existing 
in a community of one of the most highly developed of the 
species of social Hymenoptera, the leaf-cutting ant, Atta cepha- 
lotes. We shall, when dealing with Formicidae, enter into some 
details as to these and other cases of polymorphism. Our object 

^ ZHtfichr. vjisB. Zooh xxx. Supp. 1878, p. 103. 

^ Rejoinder to Professor Weismann, p. 11. Reprint from Cvniemporary Zeview, 
December 1898. 





Flo. 339. — Adult forms of Atta {(kcodwna) ctphaloUa^ taken from a nest in Trinidad 
by Mr. J. H. Hart, 26th June 1895. A, male ; B, 'winged female : C-F, various 
forms unwinged ; C, so-called soldier; D, large worker; £, smaller worker ; F| 
smallest worker ogr nurse. All equally inaguifled (one and half times). 
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at present is to bring to the eye of the reader the great diversity 
of outer form that is believed, rightly or wrongly, to result from 
the mode of treatment of the young. And we will also take this 
opportunity of more fully illustrating the remark we made on 
p. 85 as to the profound distinctions that exist between ants 
and white ants, or Termites, notwithstanding the remarkable 
analogies that wc shall find to exist in many of their social 
arrangements. 

The analogies we allude to, coupled with the fact that there 
is a certain general resemblance in outer form between the 
workers of Termites and ants, and even between the extra- 
ordinary castes called soldiers in the two groups, have given rise 
to the idea that there is a zoological relationship between the 
social forms of Neuroptera and Hymenoptera. The two are, 
however, zoologically amongst the most different of Insects. 
The external skeleton in Termites is remarkable for its im- 
perfect development, the sclerites being small and isolated, while 
the segmental differentiation of the body is low (Fig. 225, etc.), 
so that there is no difiiculty in counting the segments. In ants 
the reverse is the case as regards both these facts, the various 
segments being most unequal,- so that their homologies have only 
been detected after prolonged studies, while the chitinisation and 
articulation of the various parts is so complete that the ant may 
be described, as cased in armour, fitting together so exactly that 
it is difficult anywhere to introduce the point of a needle into 
its chinks. The wings of the two kinds of Insects are also 
extremely different. Tlie differences Ijetween the modes of 
growth and development of the two sets of Insects are as pro- 
found as the distinctions in their anatomy. Termitidae belong 
to the division of Insects in which the wings are developed 
outside the body ; Hymenoptera to the division in which they 
are developed inside the body. In Temites the growth of 
the individual is slow, and the final form is reached gradually. 
In the ants the growth is carried on with great rapidity, and 
during it the Insect is a helpless maggot al^lutely dependent 
on the attentions of its seniors, while the difference in form and 
structure between the ant-larva and the ant are enormous. 
Both anatomy and ontogeny are profoundly different in ants 
and Termites. To these distinctions must be added, as of much 
importance, the fact that in Hymenoptera only the female sex 
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is inodified for the division of labour, while in Termites Ixith 
sexes undergo this change. Hence it is impossible to suppose 
that the remarkable analogies that exist between the societies of 
ants and those of Termites are due to any common origin. It 
is probably to some similar physii^^ical susceptibilities in the 
ancestors, at an extremely i-emote epoch, of both groups that we 
must look for an explanation of the interesting resemblances in 
the social lives of ants and Termites. 

The Hymenoptera are no doubt one of the largest Ordeis of 
Insects, the species of the parasitic tribes being apparently 
innumerable. No doubt 250,000 species of the Order exist, and 
possibly the number may prove to be very much larger. Up to 
the present time 25,000 or 30,000 have been discovered. No 
remains of Insects of this Order, of older age than the Lias, 
have been brought to light ; it is indeed doubtful whether the 
fossils considered to be llymenopterous of the period referred 
to are really such. 

' The Order, as already mentioned, consists of two very distinct 
sub-Orders, viz. : — 

1. Hymenoptera Sesiiliventres . — Insects with the abdomen broad at the base, 

its first segment not completely amalgamated with the thorax. 

2. Hymenoptera P^ioliventra or Petiolata , — The abdomen connected with 

what appears to be the thorax by a slender joint, the posterior 
part of the apimrent thorax consisting of an abdominal segment. 

Hymenoptera Sessiliventree. — This group has been variously 
called Hymenoptera phytophaga, H. murifera, H. sessilirentres, 
H. serrifera, H. symphyta. Wc prefer an old term, taken from 
a character that enables us to recognise at a glance which group 
a species belongs to. The division or sub-Order may be formally 
defined as follows : — 

Abdomen nearly continuous in outline %vith the thorax, the two 
parts having a broad connexion instead of a small highly 
mobile articulation. Anal lobe of hind %oings. usually of 
considerable size. Trochanters ditrochous {transversely 
divided into two, Fig. 345). Extremity of body of female 
f urnished with saws or boring instruments, usually concealed, 
in some cases visible in part. Larvae with complex mouth- 
parts ; three pairs of thoracic legs {imperfect in Cephidae and 
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Sirieidae), and frequently with, numerous abdominal legs, 
which are destitute of hooks. Food vegetable. 

The Insects of this sub-Ordef never exhibit the highly 
specialised habits and activity of the better known petiolate 
Hymenoptera. Though the food in the larval stages is always 
vegetable, there is considerable variety in the larvae and their 
habits ; some feed in galls, some in the twigs of plan^ some in 
the hard wood of trees and shrubs. The majority, however, live 
on the leaves of plants. Those that live in wood (Fig. 342, C) 
resemble in appearance Coleopterous larvae that have similar 
habits, and those that live on leaves (Fig. 343, A) resemble 
Lepidopterous larvae that do likewise. There are four families 
included in the sub-Order, viz. Cephidae, Oryssidae, Sirieidae, 
Tenthredinidae. 

The British Sessiliventres — under the name Phytophagous 
Hymenoptera — have recently been monographed by Mr. Peter 
Cameron in a series of voLs. published by the Kay Society.' 
These contain many figures and many details relating to natural 
history, in addition to the descriptions of genera and s^)ecies. 


Fam. I. Oephidae — Stem Sawfliee. 

Slender Insects, with weak integument ; free, more or less elongate 
pronotimi ; one spine on the front tibia. Larvae living in the 
stems of plants or in the tender shoots of trees and shrubs. 

The obscure little Insects composing this family have slender 
antennae of pecidiar form, composed of eighteen to thirty joints, 
two of which are short and stout ; then come several long joints, 
with more or less power of movement, the terminal portion 
consisting of an elongate club of many joints with little power 
of movement. The pronotum is longer than is usual in the 
Hymenoptera, and instead of being very closely connected with 
the mesonotum, it is free and mobile, although its ba^ over- 
wraps the front of the mesonotum. The median plate (i.e. the 
dorsal plate connecting the thorax and abdomen) is divided to 
the base along the middle, the divisions being separated by a 
membranous piece broader behind ; the anal lobe of the posterior 
^ Mon, Bril. Fhyt. JTym, 4 vols. 1882 to 1893. 
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wings is small but distinct. The female bears a saw at the 
extremity of the body, but it is covered by two flaps; these 
form a short, terminal projection. Although too much neglected, 
the Cephidae are really of great interest 
as being of more imperfect or '^primi- 
tive structure than any of the other 
families of Hymenoptera. The larval 
history has been traced in several 
species. C. pygmaeus is sometimes very 
injurious to corn crops on the con- 
tinent of Europe, and even in our own 
country its effects in tliis respect are 
considered to be occasionally serious. 

The egg is laid in the stem of tlie corn 
plant ; the larva soon hatches and eats 
its way upwards in the stem. It is a soft 
grub, apparently footless, but really pos- 
s^sing six small projections in place of 
thi>racic legs. It occupies all the summer in feeding, and when 
full fed and about to prepare for its metamorphosis, it weakens 
the stein hy a sort of girdling piwess below the ear ; it then 
descends in the stem to near the root, where it constructs a 
transparent cocoon, in which it passes the winter as a larvn, 
clianging to a chrysalis in the month of May, and completing 
its development by appearing as a perfect Insect shortly there- 
after. The girdling operation is very injurious, and causes the 
co:n stem, when ripe or nearly so, to break in two under the 
influence of a strong wind, so that the ears fall to the ground. 

The history of C, integer has been given by Eiley. This 
InsL'ct attacks the young shoots of willows in North America. 
Eiley states ^ that by a wonderful instinct the female, after she 
has consigned her egg to the twig, girdles the latter, preventing 
it from growing any further, and from crushing the egg by so 
doing. The larva after hatching eats downwfirds, sometimes 
destroying a length of two feet of the twig ; when full grown it 
fills the bottom of the buriow with frass, and then previous to 
making its cocoon eats a p^issage through the side of the shoot 
about a quarter of an inch alwve the spot where the cocoon will 
be placed, thus making it easy for the perfect Insect to effect its 
^ Insect Life^ i. 1888, p. 8. 




Fig. 340.--~Cy/)/rw.« pyrnnaeus. 
Upper figure, liirva ; lower, 
female imago. Britain. 
(After Curtis.) 
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eeoHpchj itvlMy^ the bark, however, t^touched, and is thus pro4 
tect^ m its retreat. A delicate tranq>arent cocoon is then spun 
in which the b^rva passes the winter, changing to a pupa in the 
, foQowinjg Maicli, and emerging as a perfect Insect about six 
weeks thereafter. 

Somewhat less than 100 species of this family are at present 
known; the g^t majority are found in the Mediterranean 
region, but there are several in North America. As a single species 
is known from Mexico and another from Japan, it is probable 
that the family may prove to have a wider geographical exten- 
sion than at present appears to be the case. 

Fam. n. Oryssidae. 

The median plate behind the metanotum entire, not divided in the 
middle; antennae inserted below the eyes immediately above 
the mandibles, under a sharp edge. 

This family consists of the genus Oryssus, and includes only 
about twenty species, but is nevertheless very widely distributed 

over the world. They are vety' 
rare Insects, and little is known 
as to their habits ; one species, 
0. abietinus, was formerly found 
in England. Should any one 
be so fortunate as to meet with 
it, he can scarcely fail to re- 
cognise it on noticing the 
peculiar situation of the base 
of the antennae. In this re- 
spect the Chrysididae somewliat 
resemble Oryssus, but in that 
group of Hymenopteia the hind 
body or abdomen is remarkably 
mobile, so that the Insects can 
coil themselves up by bending 
at this joint ; whereas in Oryssus 
the hind body is very closely 
amalgamated with the thorax — 
more so, in fact, than in any other Hymenopterous Insect — and 
has no power of independent movement. 




Flo. 341 . — Oryssus sayL North America. 
At The female Insect; B, head seen 
Arom the front. 
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; Oryaam ahietinua very closely resembles C. sayi (Fig. 341); 
it has indeed been recently suggested by Mr. Haningtpii that 
the two supposed species may really be identical 


Fam. in. Siriddae or Uroceridae. 

Pronotum closely connected with the mesonotum., perpendicular in 
front ; the anterior lohe of the latter not separated hy the 
lateral lobes from the posterior lobe : the median plate {behind 
the metathorax) is divided longitudinally along the middle. 
The female is provided at the extremity of the body with an 
elongate, cylindrical boring instrument. The larvae live in 
the wood of trees. 



Fio. 342. — Trmex 
coltimba. North 
America. A> 
Imago, female : 
B) pupa, female, 
ventral a.spect : 
C, larva ; im- 
perfect leg.s; D, 
parasitic larva of 
Thalessa, (B 
and D after 
Riley.) 


The Insects of this family are usually of large size and of 
bright conspicuous colours; these, however, frequently differ 
greatly in the sexes of the same species, and may be very vari- 
able even in one sex The antennae are filiform and usually 
elohgate ; the head is usually contiguous with the thorax, but in 
one division, Xyphidriides, it is ei^rted and separated from the 
thorax by a well-marked neck. The pronotum is attached to 
the mesonotum, and possesses very little, if any, freedom of 
movement; it varies in its size, being somietimes conspicuous 
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from above ; in the Xyphidriides it is smaller, and in the middle 
is entirely vertical in its direction. The mesonotum is moderate 
in size, and its divisions are delimited by broad vague depressions. 
The prostenium appears to be entirely me/nbranous, but the 
prosternal plates (pleui-a) are large, and meet together accurately 
in the middle, so as to protect the greater part of the under- 
surface of the neck. - , The abdomen is cylindrical or somewhat 
flattened above ; it has seven dorsal plates in addition to the 
spine-bearing terminal segment The trochanters are double, 
the outer division being, however, short ; the anterior tibia has 
only one spur ; the anal lobe of the posterior wings is large. 
The "borer” or ovipositor of the female is a remarkable organ ; 
it is held projecting directly backwards from the extremity of 
the body, and has the appearance of being a powerful sting. The 
apparatus is much longer than it appears, for it proceeds not 
from the apex of the body, but from the under-sixrface far for- 
wards, so that the part exposed is only about one-half of the total 
length ; it consists of a pair of elongate sheaths, which am exisily 
separable though they wrap together, and enclose a slender tulie. 
This tube is rigid and quite straight ; though appearing solid, it 
is really composed of two very perfectly adjusted laminae and a 
third arched piece or roof. The two lower laminae are called 
the spiculae ; they are serrated or grooved in a jMJculiar manner 
near the tip,, and although so closely adjusted to the borer or 
upper piece of the tube as to appear to form one solid whole 
with it, they are said to be capable of separate motion. In 
addition to these parts, the termination of the abdomen bears 
above a shorter piece that projects in a parallel plane, and forms 
a sort of thick spine above the ventral pieces we have described ; 
this process is vei-y strong, and has in the middle of its under- 
face in Sirex giyas a membranous cavity, replaced in S. juvencua, 
ficcording to Westwood, by a pair of minute pilose styles. The 
Insect, by means of this powerful apparatus, is enabled to deposit 
hei* eggs in the solid wood of trees, in which the larva sometimes 
penetrates to the depth of eight inches. 

Sirex gigaa is one of the most remarkable of our British 
Insects, but is little known except to entomologists, being usually 
rare. On the continent of Europe it is, however, an abundant 
Insect, especially in the neighbourhood of forests of fir-trees, 
and is a cause 'of considerable terror. As the Insect is not 
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capable of inflicting much injury to the person, it is probable that 
the peculiar ovipositor is believed to be a sting. The eggs are 
laid — it is said to the number of 100 — in the solid wood of fir- 
trees, but not in perfectly healthy wood ; the reason for this, it 
is thought, being that in a healthy^e the great affluence of sap 
caused by the burrows and presence of the Insect would be in- 
jurious to the latter. The Sirex will, however, attack a perfectly 
healthy tree immediately after it has Ijeen felled. The laiwa, small 
at first, enlarges its burrows as itself grows larger, and thus the 
wood of a tree may be rendered completely useless for trade pur- 
poses, although there may be very little outward indication of 
unsoundness. The lan'a (i'ig. 342, C, larva of Trernex) is a pallid, 
inaggot-like creature, with six projections representing thoracic 
legs ; there arc no other legs behind these, but some slight pro- 
tulierances take their place ; the terminal segment is enlarged, and 
bears a hard spine. There is a difierence of opinion us to the 
duration of .the life of the larva, KoUar saying that in seven 
weeks after the deposition of the egg the maggot is full fed, 
wlfiile others consider that it takes two years to attain this con- 
dition ; the. latter statement is more probably correct, it lieing 
the rule that the life of wood-feeding larvae is more than usually 
prolonged. After becoming full fed, the Insect may still pass a 
prolonged period in the wood Ijefore eiuei’ging ns a jierfect Insect. 
As a result of this it not infrequently happens that the Insect 
emerges from wood that has been carried to a distance, and used 
for buildings or for furniture. A case is recorded in which large 
numbers of a species of Sirex emerged in a house in this country 
some years after it was built, to the great terror of the inhabi- 
tants. The wood in this case was supposed to have been brought 
from Canada. 

Fabre has studied ^ the habits of the larva of Sirex augur, 
and finds that it forms tortuous galleries in the direction of the 
longitudinal axis of the tree or limb, and undergoes its meta- 
morphosis in the interior, leaving to the perfect Insect the task 
of finding its way out ; this the creature does, not by retracing 
its path along the gallerj' formed by the lar^-a, but by driving a 
fresh one at right angles to the' previous course, thus selecting 
the shortest way to freedom. By what perception or sense it 
selects the road to the exterior is quite unknown. Fabre is not 
^ Smvenin e^mologiqnes ; quatritme serie, 1891, p. 308. 
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able to suggest any sort of perception that might enable the larva 
to pursue the right course, and considers it must be accomplished 
by means of some sensibility we do not possesa Fabre’s observa- 
tion is the opposite of what has been recorded in the case of S. 
gigas, where the larva is said to prepare the way for the exit of 
the perfect Insect. 

Individuals of Sirex are often found in dried and solid wood, 
encased by metal When the Insect finds itself so confined, it 
gnaws its way through the metal, if this be lead, and escapea 
The perseverance displayed by the Insect in these circumstances 
seems to indicate a knowledge of the direction in which liberty 
is to be found. 

About 100 species of Siricidae are known. They form two 
sub-families : — 

1. Sirieides ; back of head nearly or quite contiguoua with the pronotum. 

2. Xyphidtiida : back of head separated from the proiiotum by an elongate 

neck. 

We are reputed to possess in Britain two species of each of 
these sub-families, but it is doubtful whether more than one 
Siricid is truly native Sirex gigas is frequently brought over 
in timber, and certainly breeds at times freely in Britain. Mr. 
Leech has recorded the occurrence of the larvae in abundance 
in fir-trees in the neighbourhood of Dublin. Sirex juvencus 
is more rarely met with. Xyphidria eamelus is doubtless a 
native, though now apparently rare. It used to occur about old 
willows, near London, in the New Foi'est, and, I believe, also 
in the neighbourhood of Cambridge. 

Fam. IV. Tenthredioidae — Sawflies. 

Hynunoptera SessUiventres, having the pronotum small, accurately 
adapted to the mesonotum ; the anterior lobe of the latter is 
widely separated from the posterior ; there are two spurs on 
the anterior tibiae. The larvae usually live on leaves after 
the manner of caterpillars, but a few inhoMt galls. 

The sawflies are an impoi-tant family of Insects, their species 
being numerous, while some of them are, in the larval state, very 
destructive to vegetables and fruit Being quiet creatures, rarely 
seen on the wing, they are, though common Insects in this 
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country, but little known, and few persons recognise a sawfly as 
such. They are usually of small or moderate size, and the 
numerous species have a great family resemblance. This remark 
requires some qualification in the case of the Cimbicides, they 
being Insects of larger size — usua^^surpassing the honey-bee — 

of more robust structure, 
greater powers of 

antennae are re- 

K markably variable in form 

n — n structure. Cameron 

't considers that nine should 

JmL taken as the normal 

/ number of their joints; 
but there are only three 
in Hylotoma, while in Lyda 
there may be forty or more. 
\KB1 usually held 

0 closely applied to tlie 

J ^ \ thorax, but is really borne 

Fio. 343 .— jimii. Britain. A. Larva; ^ lieck capable ot much 
B, Vfiitml aspect of pupa; C, imago, male- elongation (Fig, 332). 
(After Volleiihoven.) ® ^ ^ ^ 

The pronotum forms a 
part of the alitrunk, but is not soldered thei-eto. Usually the 
prosternuiu is more or less completely concealed by the side- 
pieces, but in Cimbicides it is larger and conspicuous, the side- 

pieces being in this group smaller than usuaL The dorsad 

pieces of the mesothorax have their relative proportions different 
to what we find them in the other families of Sessiliventres, and 
even in most of the other Hymenoptera. There is first an 
antero-median lobe of triangular shape projecting, like a wedge, 
far backwards, into the great lateral lolx3s. These latter form 
the larger part of the area of the mesonotum ; they meet together 
in the middle line, and behind are separated by a deep depression 
from the posterior lobe, or scutellum of the mesothorax, which 
is frequently divided into two parts, the anterior being the so- 
called scutum. The pieces of the inetanotum are short and 
obscure, owing to the great unevenness of their parts ; on etich 
side of the middle there is a small membranous space of pallid 
colour. The cenchri, as these spaces are called, are, in Zyda, 


Fio. 343.— jimii. Britain. A. Larva; ^ lieCK capaule 
B, Vfiitial aspect of pupa; C, imago, male- elongation fFig, 
(After Volleiihoven.) ® 4. ^ 
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delicate, membranous, depressed spaces, in front of each of which 
there stands up a flap of membrane. ' The function ef the eenchri 
is quite unknown. The median plate is fastened to the hind 
margin of the metanotum, and looks quite like one of the dorsal 
plates of the following abdominal segments, from which, however, 
it is separated by a more or less conspicuous membrane. In 
the majority of the Tenthredinidac the median plate is divided 
along the middle, but in the Cimbicides this is not the case. 
The mesosternum is very large, and the metastemum small, 
so that the middle and hinder pairs of coxae arc placed close 
together. The abdomen consists of nine segments, there being 
eight dorsal plates in addition to the median plate, and seven 
ventral plates besides the terminal arniature. There is a pair of 
short cerci, each of a single segment. The trochanters are 
divided ; each tibia bears two spui-s at the extremity, and the 
tarsi are 5 -jointed 

The most characteristic and interesting of the structures witli 
which the Insects of this family are provided is the apxmratiis 
from which the name of sawfly is derived. As long as two 

centmries ago these instrii- 

being frequently the ten- 

Fia. 844.— Saws of GM)ex tylvantm. k. The j atpnm nf shviihe nr 
pair spread out and placed in a horiamtol posi- SmUDS or 

tion ; a, the lower margin of the saw proper ; other plants, 'Or the in- 

terior of !«>*« Th«e 


tuetli of the saw more highly magnified. 

course possessed only by the female. 


terior of leaves. These 
organs are therefore of 
They are placed on the 
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lower a8|iect of the hinder extremity of the body, where they 
are enSosed tod protected by a pair of sheaths, from which 
they can be made to protrude by a little pressure exercised on 
the parts immediately in front of them. Each female possesses 
a pair of these saws; they consiSl^f thin laminae of very 
hard consistence, and are not only toothed at their edge, but in 
many cases each tooth is itself serrate; at the same time the 
outer face of the saw is sculptured or plicate in a remarkable 
manner, so that the saw in this way acts as a file or rasp. The 
Insect having selected a suitable place, uses the saws by placing 
the extremity of the abdomen against a twig or leaf, protruding 
the blades, which, moving with an alternate motion, one being 
thrust forward while the other is retracted, act on the plant so 
as to make an incision. Each saw is directed in its movement by 
the support, the pair of supports lieing united at the base by 
membrane as shown in Eig. 344. In the case of some species, 
— Hylotoma rome, the common sawfly of our rose-bushes, for 
instance — there is no difficulty in observing the operation ; in- 
deed) old E^aumur, when speaking of the placid disposition of the 
sawdies, suggests that it was given them so that we may easily 
observe their charming operations. We cannot but regret that 
in these days we are tmable to take so complacent a view of the 
arrangements of nature. There is much variety in the details 
of the structure of these saws ; so much indeed that it is possible 
to identify most of the species by means of the saw alone. 
According to certain observers, the eggs are laid by some kinds 
on, not in, the leaves, so that we may conclude that in these 
cases the saws are not used by their possessors. An incision 
having been made, an egg is placed in it, and also a drop of some 
liquid matter. The egg is at first small, but soon increases till 
it becomes twice or three times its former size, and the develop- 
ment of the embryo commences. 

The larvae of the Tenthredinidae exhibit great variety, and 
are indeed in this respect more interesting than the perfect 
Insects. The usual rule is that the larvae much resembles 
those of Lepidopterous Insects, and feed exposed on plants in 
the same way as Lepidopterous larvae do. But the exceptions 
are numerous ; sometimes the larva is covered with slime, and 
thus protected from various enemies. In other coses it is very 
depressed, a broad creature, of irregular outline, living closely 

VOL. V 2 L 
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attached to the leaf, somewliat after the fashion of a huge scale- 
insect. Some larvae mine between the layers of a leaf, others roll 
up leaves ; a few live in the stems of plants, and one or two inside 
fruits. Even this does not complete the list of their habits, for 
a few species oiNematua live in galls caused by the deposition of 
the egg. A species of Lyda forms for itself a case out of bits of 
leaves, and carries this habitation about with it after the fashion 
of the Phryganeidaa The number of legs in these larvae is 
unusually great, varying from eighteen to twenty-two— that is, 
three pairs of thoracic legs and eight of abdominal or pro-legs. 
This character offers a ready means of distinguishing, in the majoiity 
of cases, these larvae from those of the Lepidoptera in which the 
number of legs varies, but is only from ten to sixteen ; moreover, 
the pro-legs in sawflies are destitute of the circles of booklets 
that exist in Lepidoptera. This mode of identifying the 
immature stages of the Tenthredinidae is not, however, always 
satisfactory, as there are some of these larvae that have no pro- 
legs at all, but only the tliree thoracic pairs. Another point of 
distinction exists, inasmuch as the larvae of the sawflies have 
only one ocellus on each side of the head, whereas in the Lepi- 
dopterous caterpillars the rule is that there are several of these 
little eyes on each side. In addition to this, we should mention 
that the Lepidopterous larva never has any pro-legs on the flfth 
body-segment, whereas in the sawflies when pro-legs are present 
there is always a pair on the segment in question. 

. These larvae are of various colours, but the patterns and 
markings they exhibit are not quite like those of the Lepidoptera, 
though it would be difficult to make any correct general state- 
ment as to the nature of the differences. The variety of their 
postures is very remarkable; and in respect of these also 
Tenthredinidae differ considerably from Lepidoptera. Some of 
them hold the posterior part of the body erect, clasping the 
leaf by their anterior legs ; others keep the posterior part of the 
body curled up (Fig. 343, A), and some combine these methods 
by curving the posterior part of the body and holding it away 
from the food. These attitudes, like the general form, are 
characteristic for each species. The Nematva larvae that inhabit 
galls possess all the characteristics of 4hose that feed externally. 
As a riiile the skin of the larva is naked and free from hairj but 
' it is often minutely tuberculate, and in a few species it is armed 
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with reniArkable forked spines. These spines may exist daring 
part of the larval life, and completely disappear at one of the 
moults. The creatures are as a rule very sluggish, and move 
about much less than Lepidopterous larvae ; many of them, when 
alarmed, have the power of exudil^ a disagreeable liquid, either 
from the mouth or from pores in the skin ; in the latter case it 
•may be sent as a sort of spray to some little distance from the 
body. This operation is said to be very efficacious as a means 
of protecting the larvae from the attacks of parasitic flies that 
are desirous of laying eggs in their bodies. One peculiarity as 
to their colour has attracted the attention of Edaumur and sub- 
sequent naturalists, namely, that in the case of many species a 
great change takes place in the colour during the life of the 
larva, and more especially at the period of the last moult. The 
change to the pupal state usually takes place in a cocoon, and 
some species have the peculiar habit of forming a double cocoon, 
the outer one being hard and coarse, while the inner is beauti- 
hilly delicate. The cocoon is sometimes formed in the earth, 
a^d in that case it may be to a large extent composed of earthy 
matter. The Insect frequently remains a long time in its cocoon 
before emerging as a perfect Insect ; however long this time may 
be, it is nearly all of it passed in the larval state ; when the 
Insect does change to a pupa it speedily thereafter emerges as a 
perfect Insect. In the pupa the parts of the imago may be seen 
enveloped in a very delicate, transparent skin. 

In Brazil . Didoeerus ellinii, a sawfly allied to Hylotoma, 
constructs a nest in which the cocoons of many specimens 
are crowded together, being packed side by side like the cells 
in the comb of the bee, while the whole mass is protected by 
a thick outer wall. It is not known in what manner this 
communal work is carried out, but it is interesting to note that 
the cocoons assume to a considerable extent the hexagonal form 
of the cells in the comb of the bee. Some doubt was expressed 
its to the interpretation put on this structure by Curtis, but his 
observations have been conflrmed by Smith and Peckholt 
* Several species of sawflies are known to be very injurious to 
crops. One of these — the sawfly of the turnip, Athalia spinarum 
(eentifoliae Panz.) — sometimes commits excessive depredations 
on the turnip crops in this country as well as on the continent of 
Europe ; its life-history and anatomy were described by Newport 
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in an essay published by the Entpmological Society in 1838. 
The eggs, it appears, are laid singly at the edges of the leaves 
in the month of May, as many as 200 or 300 being deposited by 
one female ; as the parent flies are usually gregarious, appearing 
in large numbers in fields of turnips, it is not difficult to form an 
idea of the serious nature of their depredations. The egg grows 
very considerably ; • the development of the embryo is rapid, 
occupying, even in unfavourable weather, only seven or eight days, 
while in quite congenial circumstances it is probable that the 
eggs may hatch about the fourth day after their deposition. The 
young grub immediately begins to feed, and in about five days 
changes its skin for the first time ; it repeats this operation twice 
at similar or slightly longer intervals, the third moult thus occur- 
ring when the larva is three or four weeks old; it is then that the 
larva begins to be most destructive. Sunshine and warm weather 
are very favourable to it, and imder their influence it grows so 
rapidly that in a few days a field may be almost completely 
stripped of its foliage. This larva is of a sooty black colour, 
and will live on other Cruciferous plants quite as well as on the 
turnip. When full grown it buries itself to a slight depth under 
the surface of the earth, and forms an oval cocoon of a firm 
texture, and with many particles of earth closely adherent to it. 
The perfect fly emerges towards the end of July, and a second 
brood will . be produced in the same season if circmnstances 
are favourable ; in that case the resulting larvae enter the 
ground for the formation of their cocoons in September or 
October, and pass the winter in their cocoons, but still in the 
larval state; changing to pupae in the following spring, and 
appearing as perfect Insects in May. From this account it 
appears not improbable that the offspring of a single female 
existing in the April of one year may amount by the following 
May — three generations having been passed through in the 
interval — to as many as 27,000,000 larvae. Fortunately the 
creatures are, as Frauenfeld observed, destroyed in very large 
numbers by a parasitic fungus and by a Nematode (lUaria). 

We have, earlier in the chapter, alluded to the fact that the 
phenomena of parthenogenesis prevail somewhat extensively 
apong sawflies. It is the rule in the family that males are 
very much less numerous than females, and there are some species 
' of which no males have been discovered. This would not be of 
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itself ce;rtaiii evidence of the occurrence of parthenogenesis, but 
this has been placed beyond doubt by taking females bred in con- 
finement, obtaining unfertilised eggs from them, and rearing the 
larvae produced fixim the eggs. This has been done by numerous 
observers with curious results. 4fn many cases the partheno- 
genetic progeny, or a portion of it, dies without attaining full 
maturity. This may or may not be due to constitutional weak- 
ness arising from the parthenogenetic state. Cameron, who has 
made extensive observations on this subject, thinks that the 
parthenogenesis does involve constitutional weakness, fewer of 
the parthenogenetic young reaching maturity. This he suggests 
may be compensated for — when the parthenogenetic progeny is 
all of the female sex — by the fact that all those that grow up 
are producers of egga In many cases the parthenogenetic yoimg 
of Tenthredinidae are of the male sex, and sometimes the abnormal 
progeny is of both sexea In the case of one species — the com- 
mon currant sawfly, Nematus ribesii — the parthenogenetic progeny 
^ nearly, but not quite, always, entirely of the male sex ; this 
^as been ascertained again and again, and it is impossible in 
these cases to suggest any advantage to the species to compensate 
for constitutional parthenogenetic weakness. On the whole, it 
appears most probable that the parthenogenesis, and the special 
sex produced by it, whether male or female, are due to physio- 
logical conditions of which we know little, and that the species 
continue in spite of the parthenogenesis, rather than profit by it. 
It is worthy of remark that one of the species in which partheno- 
genesis with production of males occurs — Nematua ribesii — is 
perhaps the most abundant of sawflies. 

Although many kinds of Insects display the greatest solicitude 
and ingenuity in providing proper receptacles for their eggs, and 
in storing food for the young that will be produced, there are 
extremely few that display any further interest in their descend- 
ants; probably, indeed, the majority of Insects die before the 
eggs are hatched, one generation never seeing the individuals of 
another. It is therefore interesting to find that a fairly well 
authenticated case of maternal attachment, such as we have 
previously alluded to as occurring in earwigs, has been recorded 
in Perga lewiaii, an Australian sawfly of the sub-family Cim- 
bicides. The mother, having deposited about eighty eggs on 
the leaf of a Eucalyptus, remains with them until they hatch, 
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after which she sits over her brood with outstretdied legs, and 
with admirable perseverance protects them, so far as she is able, 
from the attacks of parasites and other enemies; she quite 
refuses to be driven away -from her charges. Mr. Lewis, to 
whom we are indebted for this account,^ states that the sawfly 
does not recognise her own special brood, but will give equal 
attention to another brood if she be transferred thereto ; and he 
adds that many of the batches of larvae were destitute of any 
maternal guardiaa 

There are about 2000 species of sawflies known. A large 
majority of them are foimd in the European and North American 
regions ; still, a good many are known to live in South America, 
and Perga— one of the genera of the family containing many 
species of large size — is peculiar to the Australian region. 
Although the family includes so many species, very few anomalies 
of structure have been detected in it; one species, Pompholyx 
dimoipha Freymuth, is described as being apterous in the female, 
and as having the thorax curiously modified in its form. There 
are no very small Insects in the family, and none over the middle 
size. Nearly 400 species have been detected in Britain; this 
number could certainly be increased by persevering researches. 
The palaeontological record has hitherto given only a verj' 
meagre evidence about sawflies. Several species have been 
preserved in amber, and three or four are known from Tertiary 
strata in Europe and North America. 

* Tr, ent. Soe. London, i. 1836, p. 232. 




CHAPTER XXm 

HYMBNOPTEBA POTIOLATA PARASITIC HYMKNOPTERA CYNIPIDAE 

OR GALL-FLIES PROCTOTRYPIDAEr — CHALCIDIDAE ICHNEU- 

MONIDAB BRACONIDAE STEPIIANIDAE MEGALYRIDAE 

BVANnDAE PBLECINIDAE^TBIGONALIDAE. 

We now pass to the consideration of the Hymenoptera of the 
sub-Order Fetiolata, or Apocrita, as they are styled by Brauer. 
'We should make use of the term Petioliventres, for it contrasts 
{laturally by its termination with Sessiliventres, were it not that 
the word is so uncouth that we think it better to adopt the 
shorter and more euphonious expression, Fetiolata. 

The members of this sub-Order, without exception, have the 
hind body connected with the thorax by means of a d^p con- 
striction, so that the base of the abdomen (Fig. 336, B, b) is 
very narrow ; the articulation between the two parts is effected 
by means of a complex joint allowing great play, and facilitating 
the operations of boring and stinging, processes that are of 
extreme importance in the economy of the great majority of the 
species. The petiole is sometimes extremely short, but it may 
be so long that it -appears like a stalk, at whose extremity is 
borne the remaining part of the abdomen (Fig. 369). When 
the petiole is very short the abdomen reposes close to the back 
of the thorax (Fig. 331, C), and in this case the abdomen is 
usually described as sessile ; while, when it is evidently stalked, 
it is said to be petioleto. These terms are, however, unsuitable, 
‘as the words sessile and petiolate should be reserved for the 
conditions characteristic of the two sub- Orders. We shall 
therefore use the terms pseudo-sessile and pedicellate for the 
two conditions of the Fetiolata. 

The Hymenoptera Fetiolata comprises an enormous majority 
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of the Order. Although it includes many of the most interest- 
ing and important of Insects, its classification 
is but little advanced, for a great many of 
the forms are still rare or unknown. Three 
series may be adopted for the purposes of 
nomenclature. 

. 1. Parasitica . — Trochanters of two pieces, 
female with an ovipositor. 

2. Tvhvlifera . — Trochanters undivided ; ab- 
domen consisting of only three, four, or five 
visible segments. 

3. Acvleata . — Trochanters undivided; abdo- 
men consisting of six or seven visible segments ; 
female furnished with a retractile sting. 

In the absence of any clear distinction 
between sting and ovipositor, these groups are 
merely conventional The character furnished 
by the trochanters is unfortunately subject to 
some exceptions, there being a few parasitic 
forms in which the trochanters are not divided, 
and a few aculeates in which the reverse 
is more or less distinctly the case ; moreover, 
the division, when it exists, is in some cases obscure, and the two 
pieces are of unequal size. Batzeburg calls the upper division, 
which is frequently much larger than the other, the trochanter, 
and the lower division the apophysis. There is much reason 
for believing that' the apophysis is really merely a secondary 
division of the femur. The Tubulifera are a comparatively small 
group, and will probably be merged in one of the other two, 
when the anatomy and morphology of the abdomen have been 
more thoroughly elucidated. 

Series 1. Hymenoptera Parasitica or Terebrantia. 

This is one of the most extensive divisions of the class 
Insecta. There can be little doubt that it contains 200,000 
species, and possibly the number may be very much greater than 
this. It is, however, one of the most neglected of the great 
groups of Insects, though it is perhaps of greater economic 
importance to mankind than any other. 



Fio. 345. — Divided (di- 
trochous) trochanter 
of an Ichneumon: 

coxa ; 5, the two 
divisions of the tro- 
chanter; c, femur. 
(For monotrochous 
trochanter see Fig. 
335, A, c.) 
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InseQts derive their suetenance primarily from the vegetable 
kingdom. So, great and rapid are the powers of assimilation of 
the Insect, so prodigious its capacity for multiplication, that the 
Mammal would not he able to compete with it were it not that 
the great horde of six-legged creolhres has divided itself into two 
armies, one of which destroys the other. The parasitic Hymen- 
optera are chiefly occupied in destroying the tribes of vegetarian 
Insects ; the parasites do this by the simple and efflcient device 
of dwelling in the bodies of their hosts and appropriating the 
nutriment the latter take in. The parasites do not, as a rule, 
eat the structures of their host, — ^many of them, indeed, have 
no organs that would enable them to do this, — but they 
absorb the vegetable juices that, in a more or less altered state, 
form the lymph or so-called blood of the host. The host could 
perhaps starve out his enemies by a judicious system of absten- 
tion from food ; instead, however, of doing this, he adopts the 
suicidal policy of persistent eating, and as the result of his 
'exertions, furnishes sufficient food to his parasites, and then 
dies himself, indirectly starved. Batzeburg considers that the 
traditional view that the larvae of parasitic Hymenoptera live 
by eating the fat-body of their host is erroneous. They imbibe, 
he considers, the liquid that Alls the body of the parasitised 
Insect.* 

The wide prevalence of Insect parasitism is appreciated only 
by entomologists. The destructive winter moth — Cheimatobia 
brumata — is known to be subject to the attacks of sixty-three 
species of Hymenopterous parasites. So abundant are these 
latter that late in the autumn it is not infrequently the case 
that the majority of caterpillars contain these destroyera Al- 
though Lepidoptera are very favourite objects with parasitic 
Hymenoptera, yet other Insects are also pertinaciously attacked ; 
there is quite a host of Insect creatures that obtain their susten- 
ance by living inside the tiny Aphididae, or “green-flies,” that 
so much annoy the gardener. A still larger number of parasites 
attack egga of Insects, one or more individuals finding sufficient 
sustenance for growth and development inside another Insect’s 
egg. As Insects have attacked Insects, so have parasites attacked 
parasites, and the phenomena called hyperparasitism have been 
developed. These cases of secondary parasitism, in which another 
' IchiMummen der ForstinsecUn^ i. 1844, p. 86. 
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species attacks a primary parasite, are extremely numerous. It 
is also pretty certain that tertiary parasitism occurs, and Biley 
is of opinion that even quaternary destruction is not outside the 
range of probability. 

The physiological problems connected with Insect parasitism 
are of great interest to the entomologist ; the modes of nutrition 
and respiration of these encaged creatures could not fail to be 
most instructive were we fully acquainted with them. It is 
obvious that when an Insect-egg is laid inside another Insect’s 
egg, and the parasite has to undergo the whole of its growth 
therein, it is in the strangest condition as regards nutrition. It 
is unnecessary for the intruded egg to have yolk of its own ; 
moreover, the embryonic mode of nutrition may be continued 
during what would, with other Insects, be the larval period. 
And it seems to be the case that both these conditious are 
actually met with in the lives of egg-parasites. The embryology 
and post-embryonic development of parasitic Hymenoptera have 
already been ascertained to be of the most extraordinary nature. 
Great variety, however, will no doubt be found to exist, as will be 
readily understood if we tabulate the conditions of the early life 
of various parasitic Hymenoptera. 

1. The egg may be laid outside a larva, and the embryonic 
and larval developments may both be passed on the exterior. 

2. The egg may be laid and the embryonic development 
passed through, outside the host, but the parasite on hatching 
may enter the host, so that the post-embryonic development is 
passed in the lymph of the host. 

3. The egg may be laid inside the host, both embryonic and 
post-embiyonic developments being gone through in the fluids of 
the host. 

4. The egg may be laid inside another egg, the embryonic 
and post-embryonic developments being passed therein. 

We shall find that all these conditions exist in the Insects 
we are about to consider. 

We shall treat the series as composed of ten families ; but 
we must remind the student that this great subject is still in a 
very unadvanced state; the combined efforts of generations of 
naturalists will be required to perfect it. Of the ten families 
five are comparatively insignificant in number of species. Many 
' of the Cynipidae are not parasitic in habits, but live in galls. 
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After wlmt we have said as to the mode of nutrition of parasites 
it will be understood that the physiological conditions of life 
may not be so different in a gall-dweller and a parasite as would 
at first be supposed ; and it is perhaps not a matter for much 
surprise that good characters cflUhot be found to separate the 

gallicolous from the parasitic forma 

\ 

Fam. I. Oynipidae — Qall-flies. 

Wings with very few cells, with no dark patch (stigma) on the 
anJterior margin ; pronotum fixed to the memnotnm, and at 
ecuh side extending hack to the point of insertion of the 
front vying. Antennae not dhowed but straight, composed of 
a moderate number (12-16) of joints. Early stages passed 
either in galls or as parcisites in the bodies of other f meets. 

The Cynipidae are always small, frequently minute, Insects'; 
visually black or pitchy in 
<^lour. The simple struc- 
ture of the antennae and 
thenumber of their joints are 
of importance as an aid in 
identifying a Cynipid. The 
mesonotum is usually re- 
markably convex, and has, 
behind, a prominent scutel- 
lum, which more or less over- 
hangs the small metanotum 
and the median segment; 
these are perpendicular in their direction ; the sculpture of these 
posterior parts of the alitrunk is usually deep and remarkable. 
The abdomen has usually only a short petiole, so as to be pseudo- 
sessile ; but there are some genera in which this part is rather 
long. The abdomen is generally so very much changed in outer 
foriv that its structure is not easily understood. The visible por- 
tion is frequently in larger part made up of the greatly enlarged 
dorsal plate of. the second or third segment, or of both. These 
large plates are really chiefly composed of free flaps, and on lift- 
ing them up the large ventral plates are disclosed, although these 
appeared previously to be nearly or quite absent. In the female 
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Fig. 847. — Ovipositor of Neurotema 

cuius, (After Adler.) a, a, The ovi- 


there is a very slender ovipositor, of .which only a small part pro- 
trudes, although the organ is really elongate ; it is drawn into the 

abdomen by means of a peculiar 
series of structures, the modi- 
fied terminal segments to which 
it is attached being folded over 
into the interior of the body 
in such a way that the pos- 
terior part becomes situated 
anteriorly. In conformity with 
this arrangement, the oviposi- 
tor is bent double on itself, 
the anterior and the middle 

'“^ 1 ! 

carried into the body, leav- 
ing only a small part projecting beyond the extremity. The 
Cynipid ovipositor is an instrument of much delicacy, add 
is capable of a great deal of movement; it is usually serrate 
just at the tip, and although it looks so very different from the 
cutting apparatus of the sawflies (Fig. 344), it seems that it is 
really composed of pieces similar in their origin to those of the 
Tenthredinidae. 

The wings fi^quently bear fine hairs ; the paucity of nerv- 
ures and the absence of the "stigma” are of importance in 
the definition of the family. The most important of the cells is 
one called the radial cell, situate just beyond the middle of the 
front part of the wing. 

We cannot enter into a consideration of the classification of 
the family, as authorities are not agreed on the subject.^ As 
regards their habits Cynipidae are, however, of three different 
kinds : (1) the true gall-fiies, or Psenides, which lay an egg or 
eggs in the tissues of a growing plant, in the interior of which 
the larva lives after it is hatched ; this mode of life may or 
may not, according to the species, be accompanied by formation 
of a peculiar growth called a gall : (2) Inquilines,’ or guest-fiies ; 


^ See Cameron, Brit. Ph/yt, Sym. iii Bay Soe.. 1890, p. 162. 

• The term inquiliae is apfdied in entomology to a great variety of oonditidns 
covered by the Latin word '‘inquilinns” (incolinns), signifyinff a tenant or dweller 
in another’s property. The term parasite is used in a still wider and vaguer sense, 
being in fact applied to a large number of cosss^ in many of which we do not at 
present understand the esuot relations between the two parties concerned. This 
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these la^r their eggs in the galls formed by the galUmakers 
subsequent to the growth of the galls, of which they obtain 
the benefit : (3) Parasites ; these live, like most Ichneumon-flies, 
in the interior of the bodies of other living Insects ; they prey 
on a considerable variety of Insecttj but chiefly, it is believed, on 
Aphididae, or on Dipterous larvae. These parasitic flies belong 
to the sub-&mily Figitides. 

A great deal of discussion has occurred relative to the natuie 
and origin of galls, and many points still remain obscure. Con- 
siderable light has been thrown on the subject by the direct 
observations of modern naturalista Previous to Malpighi, who 
wrote on the subject two hundred years ago, it was supposed that 
galls were entirely vegetable productions, and that the maggots 
found in them were due to spontaneous generation, it having been an 
article of belief in the Middle Ages tliat maggots in general arose 
from the various organic substances in which they were found, by 
means of the hypothetical process called, as we have said, spon- 
^neous generation. Malpighi was aware of the unsatisfactoiy 
n|iture of such a belief, and having found by observation that 
galls arose from the punctures of Insects, he came to the further 
conclusion that the growth of the gall was due to the injection 
by the Insect into the plant of a fluid he termed Ichor, which 
had, he considered, the effect of producing a swelling in the plant, 
something in the same way as the sting of a bee or wasp 
produces a swelling in an animal. Bdaumur also made observa- 
tions on the gall-insects, and came to the conclusion that the 
latter part of Malpighi’s views was erroneous, and that the swell- 
ing was not due to any fluid, but simply to irritation caused by 
the prick; this irritation being kept up by the egg that was 
deposited and by the subsequent development of the larva 
Observations since the time of Reaumur have shown that the 
matter is not quite so simple as he supposed, for though in the 
case of some galls the development of the gall commences immedi- 
ately after the introduction of the egg, yet in other cases, as in 
tha.Cynipidae, it does hot occur till some time thereafter, being 
delay^ even until after the hatching of the egg and the com- 
mencement of the development of the hirva. Chills are originated 

suljeot is no doubt destined to become a most interesting department of entomology. 
Seo Riley, P. ent, Soc, lVa$hingtont iL 1898, p. 397 ; and Wasmann, Zu$ammengeaetz- 
ten NetieTf etc., 1891. 
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by a great variety of Insects, as well as by mites, on many plants ; 
and it must not be concluded that a gall has been formed by 
Hymenoptera even when these Insects are reared from one. 
Extremely curious galls ^ formed by scale-insects of the sub- 
fomily Brachyscelides on Eucalyptus trees in Australia ; they are 
much inhabited by parasitic Hymenoptera, and Froggatt has 
obtained 100 specimens of a small black Chalcid from a single dead 
Brachyscelid.^ The exact manner in which many of these galls 
originate is not yet sufficiently ascertained ; but the subject of 
the galls residting from the actions of Cynipidae has received 
special attention, and we are now able to fonh a conception 
of their nature. They are produced by the meristematic or 
dividing tissue of plants, and frequently in the cambium 
zone, which is caused to develop to an imusual extent, and 
in a more or less abnormal manner, by the presence of the 
Insect. The exact way in which a Cynipid affects the plant is 
perhaps not conclusively settled, and may be found to differ in 
the cases of different Cynipidae, but the view advocated by Adler 
and others, and recently stated by Eiley,’ seems satisfactory; it 
is to the effect that the activity of the larva probably affects 
the meristem, by means of a secretion exuded by the larva. 
The mere presence of the egg does not suffice to give rise to the 
gall, for the egg may be deposited months before the gall begins 
to form. It is for the same reason improbable that a fluid injected 
by the parent fly determines the gall’s growth. It is true that 
the parent fly does exude a liquid dmring the act of oviposition, 
but this is believed to be merely of -a lubricant nature, and not to 
influence the development. It is said that the gall begins to form 
in some cases before the larva is actually hatched, but the eggs of 
some Hymenoptera exhibit remarkable phenomena of growth, so 
that the egg, even during development of the embryo in it, may 
in thoM cases, exert an influence on the meristem. It is to 
reactions between the physiological processes of the meristem 
and the growing Insect that the gall and its form are due. 

The investigations of several recent naturalists lend suj^rt 
to the view that only the meristematic cells of the plant can 
give rise to a gall. Biley says that the rate of growth of the 
gall is dependent on the activity of the meristem, galls on cat- 

* F. Linn. Soe. X. S. Wtdu (2), vii. 1892, p. 867. 

* Science (n.B.), L 1896, p. 467. 
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kins developing the most quickly ; those forming on young leaves 
also grow with rapidity, while galls formed on bark or roots may 
take months to attain their full size. 

It is a curious fact that Cyni|iid galls are formed chiefly on 
oaks, this kind of tree supplying if surprising number and variety 
of galla The plants that furnish Cynipid galls in Europe are 
not numerous. A list of them is given by Cameron.^ Several 
species, of the genus Jthodites, attack rose-bushes. One of the 
best known of our British galls is the bedeguar, found in various 
jiarts of the country on both wild and cultivated rose-bushes (Fig. 
348), and caused by Ehoditea rosae (Fig. 349). This gall has 



Fig. 348. — Bedeguar 
on rose, cut across 
to show the cells 
of the larvae ; in 
some of the cells 
Icrvae are seen. 


the appearance of arising from a twig or stem, but it is really a 
leaf galL Pazlavsky® has described the mode of formation of 
the bedeguar. The female Ehoditea in the spring selects a lose- 
bud — not a flower-bud — that should produce a twig and leaves, 
and pricks this bud in a systematic manner in three places. The 
three spots of the bud pricked by the Insect are the three unde- 
veloped leaves that correspond to a complete cycle in the phyllo- 
taxis of the plant. The three rudiments do not develop 
into leaves, but by a changed mode of growth give rise to the 
bedeguar. Usually this gall, as shown in our figure, is of 
size, and contains numerous cells ; but abortive specimens 
are not infrequently met with ; sometimes a small one is seated 
on a rose-leaf, and it is thought that these are due to a failure 
on the part of the Insect to complete the pricking operation. 

* Ray Soc. vol. iv. 1893, p. 24. 

^ Term. FUzelek, r. 1882, p. 198, and Bud, CetUralbl, iL 1882, p. 817. 
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Cynipidae will not go through their gall-making operations except 
under natural conditions. Giraud ' attempted to obtain oviposi- 

tion, on gathered twigs of oak, 
from flies in conflnement; but, 
although he experimented with 
thousands of specimens, they on 
no occasion laid their eggs in 
the fresh shoots placed at their 
disposal,, but discharged thefr 
eggs in little heaps, without 
attention to the twigs. The 
same observer has also called 
attention to the fact that after 
being deposited in a bud the eggs 
Fia 849 — Rhoditet rotae, female. of certain species of Cynips will 

Cambridge. remain dormant without produc- 

ing, so far as can be seen, any effect on the tree for a period 
of fully ten months, but when the bud begins to develop and 
the egg hatches then the gall grows 

The exact mode in which the egg is brought to the requisite 
spot in the plant is still uncertain. The path traversed by the 
ovipositor in the plant is sometimes of considerable length, and 
far from straight ; in some cases before it actually pierces the 
tissues, the organ is thrust between scales or through fissmes, so 
that the terebra, or boring part of the ovipositor, when it reaches 
the minute seam of cambium, is variously curved and flexed. 
Now as the canal in its interior is of extreme tenuity, and 
frequently of great length, it must be a very difiicult matter for 
the egg to reach the tissue where it should develop. The eggs 
of Cynipidae are very remarkable bodies ; they are very ductile, 
and consist of a head, and of a stalk that in some cases is five or 
six times as long as the hetul, and is itself somewhat enlarged at 
the opposite end. Some other Hymenoptera have also stalked 
eggs of a eflmilar kind (Fig. 357, A, egg of Lemoapia). It has 
been thought that this remarkable shape permits of the contfji^.^ 
of the egg^jyeing transferred for a time to the mirrower parts, and 
thus 'allows the broader portion of the egg to be temporarily 
compressed, and the whole structure to be passed through a very 
narrow canal or orifice. It is, however, very doubtful whether 
* Aim. Soe. mi. Franea (4), vL 1866, pi 198. 
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the egg really passes along the canal of the borer. Hartig 
thought that it did so, and Biley supports this view to a limited 
extent Adler, however, is of a different opinion, and considers 
that the egg travels in larger part outside the terebra. It should 
be remembered that the ovipositoa^ really composed of several 
appendages that are developed from the outside of the body; 
thus the external orifice of the body is morphologically at the 
base of the borer, the several parts of which are in longitudinal 
apposition. Hence there is nothing that would render the view 
of the egg leaving the ovipositor at the base improbable, and 
Adler supposes that it actually does so, the thin end being 
retained between the divisions of the terebra. Eiley is of opinion 
that the act of oviposition in these Insects follows no uniform 
system. He has observed that in the case of Callirhytis clavvia, 
ovipositing in the buds of Qturem albat the eggs are inserted by 
the egg-stalk into the substance of the leaf, and that the egg- 
fluids are at first gathered in the posterior end, which is not 
mserted. The fluids are then gradually absorbed from this 
exposed portion into the inserted portion of the egg, and by the 
time the young hitivcs have formed the exposed [parts of the] 
shells are empty, the thread-like stfilk has disappeared, and the 
egg-contents are all contained within the leaf tissue.” He has 
also observed that in Biorhiza nigra the pedicel, or stalk, only is 
inserted in the embryonic leaf-tissue, and that the enlarged portion 
or egg-body is at first external. The same naturalist also records 
that in the case of a small iuquiline species, CeroptreH politvs, the 
pedicel of the egg is very short, and in this case the egg is thrust 
down into the puncture made by the borer, so that the egg is 
entirely covered. 

Some Cynipidae bore a large number of the channels for their 
eggs before depositing any of the latter, and it would appear that 
it is the rule that the boring of the channel is an act separate 
from that of actual oviposition. Adler distinguishes three stages : 
(1) boring of the canal; (2) the passage of the egg from the base 
ovipositor, where the egg-stalk is pinched between the two 
q)iculae and the egg is pushed along the ovipositor ; (3) after the 
point of the ovipositor is withdrawn, the egg-body enters the 
pierced canal, and is pushed forward by the ovipositor until it 
reaches the bottom.^ 

^ Adler and ^traton, AUemating OenenxHont, 1894, p. 119. 
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About fift 7 years ago Hartig reared large numbers of certain 
species of gall>flies from their galls, obtaining from 28,000 galls 
of Cynips disticha about 10,000 flies, and from galls of C. folii 
3000 or 4000 examples of tliis species; he found that all the 
individuals were females. His observations were subsequently 
abundantly confirmed by other naturalists, among whom we 
may mention Frederick Smith in our own country, who made 
in vain repeated attempts to obtain moles of the species of the 
genus Cynipa. On one occasion he collected in the South of 
England 4410 galls of C. kollari (at that time called C. ligni- 
eola), and from these he obtained 1562 flies, all of which were 
females. A second effort was attended with similar results. Hartig, 
writing in 1843, after many years’ experience, stated that though 
he was acquainted with twenty-eight species of the genus Cynips, 
he had not seen a male of any one of them. During the course 
of these futile attempts it was, however, seen that a possible 
source of fallacy existed in the fact that the Insects were reared 
from collected galls; and these being similar to one another, 
it was possible that the males might inhabit some different gall. 
Adler endeavoured to put the questions thus mised to the test 
by means of rearing females from galls, and then getting these 
females to produce, parthenogenetically, galls on small oaks planted 
in pots, and thus completely \inder control He was quite 
successful in carrying out his project, and in doing so he made a 
most extraordinary discovery, viz. that the galls produced by these 
parthenogenetic females on his potted oaks, were quite different 
from the galls from which the flies themselves were reared, and 
were, in fact, galls that gave rise to a fly that had been previously 
considered a distinct species ; and of this form both sexes were 
produced. Adler’s observations have been confirmed by other natu- 
ralists, and thus the occurrence of alternation of generations, one 
of the two generations being parthenogenetic, has been thoroughly 
established in Cynipidae. We may mention one case as illustrat- 
ive. A gall-fly called ChUaspia lowii is produced from galls on 
oak-leaves at Vienna at the end of April, both sexes occiu'£U<e‘ 
The female thereafter lays eggs on the ribs of the leaves of the 
same kind of oak, and thus prodirces a different gall from that 
which nourished herself. These galls fall off with the leaves in 
the autumn, and in Jidy or August of the following year a gall- 
fly is produced from them. It is a different creature from the 
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mother, and was previously known to entomologists under the 
name of ChUaapis niticUi. Only females of it occur, and these 
parthenogenetic individuals lay their eggs in the young buds of the 
oak that are already present in thjS autumn, and in the following 
spring, when the buds open ail@f‘'the leaves develop, those that 
have had an egg laid in them produce a gall from which Chilaspis 
lawii emerges in April or May. In this case therefore the cycle 
of the two generations extends over two years, the generation 
that takes the greater part of the time for its production con- 
sisting only of females. Adler’s observations showed that, though 
in some species this alternaticm of generations was accompanied 
by parthenogenesis in one part of the cycle, yet in other species 
this was not the case. He found, for instance, that some gall- 
dies of the genus Aphilothrix produced a series of generations 
the individuals of which were similar to one another, and were 
all females and parthenogenetic. In some species of the old 
genus Cynips no males are even yet known to occur. A very 
'curious observation was made by the American, Walsh, viz. that 
galls gathered by him quite similar to one another, some pro- 
duced speedily a number of both sexes of Cynips spongijica, while 
mucli later on in the season the remainder of the galU gave rise 
to females only of an Insect called Cynips aeiculaia. It is be- 
lieved that tlie galls gathered by Walsh ^ were really all one 
species ; so that parts of the same generation emerge at different 
times and in two distinct forms, one of them parthenogenetic, the 
other consisting of two sexes. It has, however, been suggested 
that Cynips spongifica and C. acicvlata may be two distinct species, 
producing quite similar galls. 

Turning now to the questions connected with inquiline or 
guest-flies, we may commence with drawing attention to the 
great practical difficulties that surround the investigation of 
this subject. If we open a number of specimens of any kind of 
gall it is probable that several kinds of larvae will be found. 
In Fig. 350 we represent four kinds of larvae that were taken 
a few bedeguar galls gathered on one day in a lane near 
Cambridge. It is pretty certain that No. 1 in this figure repre- 
sents the larva of Ehoditea roaae, and that Nos. 2 and 3 are 
larvae of iuquilines, possibly of Synergus, or of a parasite ; while 
Na 4, which was engaged in feeing on No. 3 in the position 
‘ P. emUm. Soc, FhUadelpkia, U. 1864, pp. 447, etc. 
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shown, is possibly a Chalcid of the genus Monodoniomerua, or 
may be CcMimome hedeguaria. It is clear that, as we cannot 
ascertain what is inside a gall without opening it, and thereby 
killing the tenants, it is a most difficult matter to identify the 
larvae ; the only safe method is that of observation of the act of 
oviposition ; this may be supplemented by rearing the flies from 
galls, so as to ascertun what variety of flies are associated with 
each kind of galL This last point has been well attended to ; 
but the number of cases in which oviposition of inquiline gall- 
flies in the galls formed by the Fsenides has been ascertained by 
direct observation is still very small ; they are, however, sufficient 
to show that the inquilines deposit their eggs only after the 
galls are formed. 



Fio. 360. — Larvae in- 
habiting bedeguar 
gall at Cambridge. 
1, Khoditea . foaae 
ill cell ; 2 and 8, 
larvae of inqui- 
lines ; 4, larva of 
a parasitic Hymeii- 
opteroD. 


Bassett recorded the flrst case of the kind in connexion with a 
North American species, Cynipa (Ceroptrea) quercua-arhoa Fitch. 
He says: “On the first of June galls on Quercua ilicifolia had 
reached their full size, but were still tender, quite like the 
young shoots of which they formed part. Examining them on 
that day, I discovered on them two gall-flies, which I succeeded 
in taking. They were females, and the ovipositor of each was 
inserted into the gall so deeply that they could not readily free 
themselves, and they were removed by force.” 

The great resemblance of the inquiline gall-fly to the fly that 
makes the gall both dwell in, has been several times noticed by 
Osten Sacken, who says “ one of the most curious circumstances 
connected with the history of two North American blackbaEtf^ 
galls is, that besides the JHaatrophua, which apparently is the 
genuine originator of the gall, they produce another gall-fly, no 
doubt an inquiline, belonging to the genus Aulax, and showing 
the ihost striking resemblance in size, colouring, and sculpture to 
the Diaatrophua, their companion. The one is the very counterpart 
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of the other, hardly showing any differences, except the strictly 
generic characters! This seems to be one of those curious 
instances, so frequent in entomology, of the resemblance between 
parasites and their hosts I By rearing a considerable number of 
galls of B. Tushviosiia I 'obtained tfiu species as well as its pai-asite 
almost in equal numbera By cutting some of the galls open I 
ascertained that a single specimen of the gall frequently con- 
tained both species, thus setting aside a possible doubt whether 
these Insects are not produced by two different, although closely 
similar galla” ^ 

The substance of which galls are composed, or rather, perhaps, 
a juice they afford, is apparently a most suitable pabulum for the 
support of Insect life, and is eagerly sought after by a variety 
of Insects; hence by collecting galls in large quantities many 
species of Insects may be reared from them; indeed by this 
means as many as thirty different kinds of Insects, and belong- 
ing to all, or nearly all, the Ordera, have been obtained from a 
'single species of galL Some galls are sought by birds, which 
dpen them and extract their tenants, even in cases where it 
might be supposed that the nauseous flavour of the galls would 
forbid such proceedinga 

Not more than 500 species of Fsenides and Inquiline Cyni- 
pidae are known from all parts of the world ; and of described 
Parasitic Cynipidae there are only about 150 speciea The 
British forms have recently been treated by Cameron in the 
work we have already several times referred to.® 

A few Cynipidae have been found in amber ; and remains of 
members of the family, as well as some galls, are said by Scudder 
to have been found in the Tertiary strata at Florissant. 

Fam. 11. Proctotrypidae, or Oxynra. 

Small Hymenoptera, with few, or even no, nervures in the wirigs : 
the pronotum closely adherent to the mesothorax, and at the 
sides reaching hachwards to the points of insertion of the 
wings. The abdomen is pointed, and the pointed apex is 
frequently deflexed; the ovipositor is not coiled, but is 
retractile, and when extruded is of ttdndar form, and appar- 

* P. enl. Soe. Fhilad. ii. 1863, p. 84. 

* Brit. Phyt, Sym. vols. iii. and iv. Ray 1891 and 1893. 
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eiUly a continuation of tlu tip qf the body. The earlier stages 
are passed in the bodies, or in the eggs, of other Arthropods. 

The Proctotrypidae is one of the most difficult groups of 

Hymenoptera to define; some of its 
members exhibit a great resemblance 
to Aculeate Hymenoptera. This is 
the case with the Insect we figure 
(Fig. 351). It, however, is an 
undoubted Proctotrypid, but there 
are other forms that approach very 
closely in appearance to the Acu- 
leata, or stinging Hymenoptera; so 
that until a better comprehension 
is reached as to the distinction 
between a sting and an ovipositor 
the separation between Proctotry- 
pidae and Aculeata must be con- 
sidered somewhat arbitrary. 

There is extreme variety in the family ; the wings differ 
considerably in shape and neuration ; they are not infrequently 
altogether absent in one or both sexes. The chief distinction of 
the' family from other parasitic Hymenoptera is the tubular form 
of the ovipositor ; which part appears to be a continuation of the 
tip of the body. This latter is more definitely acuminate than 
usual, and has given rise to the term Oxyura, by which name 
the Proctotrypidae are distinguished in many books. From the 
Ghalcididae they are distinguished also by the angles of the 
pronotum attaining the tegulae. In this character they agree 
with the Cynipidae, but the ovipositor and abdomen are very 
different in form in these two groups, and the Proctotrypidae 
very frequently have a pigmented spot or stigma on the front 
wings which is absent in Cynipidae. As if to add to the diffi- 
culties the systematist meets with in dealing with this family, 
some of its members have the trochanters undivided, as in the 
of the stinging Hymenoptera. The larvae of all that are known 
lead a completely parasitic life in the bodies or eggs of other 
Insebts or of Spiders. Sometimes half a dozen specimens may 
find the meana of subsistence during the whole of their develop- 
ment in a slilgk Insect's egg. Usually Proctotrypids pupate in 





Fig. 351 . — Helorus an(nnalipes, 
Britain. 
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the position in which they have fed up, enclosed each one in a 
more or less dis- 


tinct cocoon. In 
Fig. 362 we re- 
present a very 
remarkable case 
of Proctotrypid 
pupation ; a 
larva of some 



Fig. 352. — Pupation of Proctotrypes sp. in body of a beetle 
larva. 


beetle has nourished many specimens of a species of the genus 
Proctotrypes, and the pupae thereof project from the body of the 
host, a pair of the parasites issuing from each segmental division 
in a remarkably symmetrical manner. 

Comparatively little is known as to the habits of the members 
of this family, but such information as has been obtained leads 
to the conclusion that great variety will be found to exist in 
this respect. We have already mentioned that numerous species 
‘'.have been ascertained to feed inside the eggs of Insects or of 
Spiders ; others have been reared from larvae or from galls of 
the minute Dipterous midges of the family Cecidomyiidae ; 
others have been obtained from Cynipid galls, a few from ants* 
nests and from green-fly; some species are known to attack 
Coleoptera. The distinguished Irish entomologist, Haliday, has 
written an account of the proceedings of a species of Bethylus} 
from which it has been supposed that this Insect cames off living 
caterpillars, and stores them in a suitable receptacle as food for 
its progeny, thus anticipating, as it were, the habits of the 
fossorial division of the Aculeata, in which group this instinct 
has, as we shall subsequently relate, attained an astonishing 
degree of perfection. Haliday *s observation was unfortunately 
incomplete and has not been subst^quently confirmed. Tlie 
Bethylides are remarkable for their great api)roach in structure 
to the Aculeates, so much so that entomologists arc not agreed 
as to whether certain Insects are Proctotrypids or Aculeates. 
‘ Pi^ktocera, with a very wide distribution, may be mentioned as 
illustrative of these doubtful forms; but other genera of the 
Bethylides are in many respects very similar to the Aculeates, 
and it is not matter for surprise that Haliday should have con- 
sidered the Bethylides to be a tribe of the stinging Hymenoptera. 


^ Entom, Mag, ii. 1835, p. 219. 
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The genus Scleroderma consists of small Insects much, resembling 
ants, and, as well as some of its allies, is of great interest from 
the remarkable phenomena of polymorphism presented by certain 
species. The males in this genus are winged, the femmes com- 
pletely apterous ; yet at times winged females are produced — as 
exceptional individuals in a brood of wingless specimens — ^the 
females in these oases being not only winged, but possessed of 
ocelli like the females of other winged Hymenoptera. Particulars 
of a case of this kind have been given by Sir Sidney Saunders,^ 
and Ashmead also mentions ^ the exceptional occurrence of these 
winged females. Westwood ‘ was of opinion that there are three 
forms of the female sex. This subject is of importance in con- 
nexion with the production of the various castes in anta 
Although the presence of wings in these Insects is always 
accompanied by the existence of ocelli 
(which, it will be remembered, are normally 
absent from the wingless individuals), yet 
the converse is nut always the case, for a 
form of the female of Cephcdonomia for- 
midformu, without any wings, yet having 
ocelli, as well as eyes, well developed, is 
figured by Westwood.* 

.■■■g The development of some of the Proc- 

totrypids has been partially described by 
Ganin and others, and is of an extra- 
ordinary character. Ganin’s observations * 
iMva of Piatygaiter »p. Were most Complete in the case of a 

(Alter Ganin.) a, Month; gpecies of Plotygoster, which he found in 
h, anteima ; c, daw- t\- x e 

limb; d, lower lip (the the larva of a very minute Dipteron of 
doubtful genus CecidomyiM. The Platygaster 
‘'zapfeui8rinig”oigan;/, larva changes its form very much in the 
of resembling at first a 

minute Crustacean rather than an Insect- 
larva; it has a very large roimded anterior portion, while 
behind it terminates in two, or more, tail-like processea By -a- 

' Tr. ent. Soe. London, 1881, p. 109. 

* BuU. U. S. Muteum, No. 45, 1898, p. 28. 

* Tr. ent. See, London, 1881, p. 117. 

* Tr. ent. Soe. London, 1881, pt. vL f. 8 ; pp. 120, 126. 

* ZeUeediTi vdet, Tool. xiz. 1869 ; Qanin'e observatione are deeoribed by 
Lubbock, Origin tmd Metamorj^eet i^Iiueete, 1874, p. 34. 
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very peculiar kind of metamorphosis this Cyclops^Vike larva 
changes into an almost unsegmented, oviform larva, destitute of 
appendages ; by a second change this creature assumes a third 
condition, in which it is similar to the ordinary form of para- 
sitic Hymenopterous lai^ae. Sbmetimes several of the Platy- 
gaiter larvae are found in a single host, but only one of them 
i-eaches this third stage. Afterwards the third larval instar 
passes into the pupal stage, which lasts five or six days, and 
then the perfect Insect appears. It is worthy of remark that 
the internal organs undergo quite as remarkable a change as the 
outer form does. The metamorphoses of some other Proctotry- 
pidae have been examined by Ganin, and appear to be of an 
equally interesting character.^ 

There is reason to suppose that these Platygaster parasites 
are of great economic importance as well as of scientific interest, 
for Platygaster lierrickii is one of the enemies of the larva of the 
destructive Hessian fly, Cecidomyia destructor. 

The Proetotrypidae are no doubt extremely numerous in species, 
but as yet they have been very little studied ; a good work on 
the British species is much required, A valuable contribution 
has recently been made to the study of the family by Ashmead, 
in the book we have already referred to. This volume includes 


much information on 
the natural history of 
these Insects, and the 
outline figures give 
some idea of the great 
variety of external 
fom. 

Many entomologists 
include the Mymarides 
in Proctotrypidae, but 
Ashmead considers 
that they should be 
treated as a separate 
family. Alaptuseoccisns 
Westw. (Fig. 354) 



Fio. 354 . — AlapCus eocmus^ Westwood. Britain. 
(Probable size about } millim.) 


haB been frequently said to .be the smallest known Insect, the 


^ See also Knlagin, Zool, Anz. xiii. 1890, p. 418 ; xv. 1892, p. 85] and Conors 
intemat. Zod. ii. 1892, pt i. p. 258. 
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measurement given for it by Westwood ^ being a length of ^ of a 
millimetre — about of an inch. Mr. Enoch has recently 

examined Westwood’s type in the Museum at Oxford, and from 
his information we may conclude that this Insect is probably 
the same as Jlaptus fuseidus Hal., and that the measurement 
mentioned by Westwood is erroneous, the Insect being really 
about half a millimetre long. The Mymarides are, however, 
very minute, some of them not exceeding one-third of a milli- 
metre in length. Whether any of them are smaller than the 
beetles of the family Trichopterygidae, some of which are only 
one-fourth of a millimetre long, may be doirbted. 

The Mymarides are recognisable by their very minute size, 
and by their peculiar wings. These are slender, destitute of 
nervures, fringed with long, delicate hairs, and stalked at the 
base. Probably Mymarides may all prove to be dwellers in eggs 
of other Insecta The group is remarkable from the fact that it 
contains some of the very few Hymenoptera with aquatic habita 
Two species were discovered in their winged condition in the 
water of a pond near London by Sir John Lubbock*; one of 
them — Polynema natans Lubbock — probably, according to Mr. 
Enock, the same as Caraphraetiis dnctus HaL, uses its wings 
freely for swimming under water, while the other — Prestmchia 
aquatiea — performs this operation by the aid of its legs. This 
latter Insect seems to be very anomalous, and its position quite 
doubtful The embryogeny of Polynema is very peculiar, and 
takes place in the egg of a dragon-fly — Calepteryx virgo — under 
water. According to Ganin,® in the earliest stages the develop- 
ments of the embryos of the Calepteryx and of the Polynema 
progress simultaneously, but that of the dragon-fly does not pro- 
ceed beyond the formation of the ventral plate. The Polynema 
appears to leave its own egg at an extremely early stage of the 
embryonic development. It would appear, in fact, that there is 
no definite distinction between embryonic and larval stages. 
The information given by Ganin leads to the conclusion that a 
complete study of this remarkable mode of development • is 
necessary before forming any general ideas as to the nature of 
Insect embryogeny and metamorphosis. 

^ Tr. Linn, Son. (2) Zool. L 1878, p. 687. 

* Tr. Linn. Soe, xxir. 1863, p. 136. * ZeUschr. wise. Zool. xix. 1869, p. 417. 
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Fam. m. Ohalddidae. 


PTOiwtwm, with some freedom of movement, its angles not extend- 
ing to the insertion of the front wings. Antennae elbowed, 
consisting of from seven to thirteen joints. Wings without 
a system of cells ; with a single definite nervure proceeding 
from the base near the front margin, or costa; afterwards 
passing to the costa, and giving off a very short vein more or 
less thickened at its termination. The species are, with few 
exceptions, of parasitic h-ahits. 


The Insects of this family — the Pteromalini of Eatzcburg — 
are frequently of brilliant coloius and of remarkable form ; the 
species are very numerous, some 4000 or more having already 
been desciibed. Of this numlier nearly 3000 are Eiu-opeau, 
and as there is good reason for supposing that Chalcididae arc 
quite as numerous in the Tropics and in the New World as they 
^re in Europe, the family will probably prove to be one of the 
lirgest in the class. About twenty sub-families have aliuady been 


proposed for the classification 
chiefly on the numlier of joints 
the antennae and of the ovi- 
positor. This latter exhibits 
great variety in external ap- 
pearance, due chiefly to the 
modification in form of the 
basal, or of the following ven- 
tral abdominal plates, one or 
more of which may be pro- 
longed and altered in fonu or 
direction, giving rise in this 
way to considerable diversity 
in the shape of the abdomen. 
Correlative with this is a 
great variety in the mode 
of parasitism of the larva. 
Many live in galls, feeding on 


of the group; they are liased 
in the tarsi, and the details of 



Fio. 35*5. — Knrylmna ahrofanu male. 
Britain. Hyper- parasite through Micro- 
gaiter of Liparii dispart and according 
to Cameron, parasite of IthodiUs rosar 
and other gall-flies in Britain, x 10. 
(After Ratzeburg.) 


the larvae of the makers of the galls or on those of the inquilines ; 


others attack caterpillars, others pupae only; some flourish at 


the expense of bees or other Hymenoptera, or of Coccidae 
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and Aphididae, and some deposit their eggs in the egg-cases of 
Blattidae. The details of the life-historjr are well known in 
only a few casea 

The career of Lewospia gigaa has been investigated by Fabre, 
and exhibits a very remarkable form of hypermetamorphosis.^ 

This Insect is of comparatively 
large size and of vivid colours, 
wasp-like, black contrasting with 
yellow, as in the case of the 
wasps ; and like these it has the 
wings folded or doubled. The 
female bears a long ovipositor, 
which by a peculiar modification 
Fio. S66.—Leueotpii gigat, female. is packed in a groove on the 
Oibnator. Insect. This species 

lives in Southern Europe at the expense of Chalicodoma muraria, 
a mason-bee that forms cells of a hard cement for its nest, the 
cells being placed together in masses of considerable size ; each cell 
contains, or rather should contain, a larva of the bee, and is closed 
by masonry, in the construction of which the bee displays much 
ability. It is the mission of the Lerieospis to penetrate the 
masonry by means of its ovipositor, and to deposit an egg in the 
cell of the bee. The period chosen for this predatory attack is 
the end of July or the beginning of August, at which time the 
bee-larva is in the torpid and powerless condition that precedes 
its assumption of the pupal state. The Lewospis, walking about 
leisurely and circumspectly on the masonry of the nest, tests it 
repeatedly by touching with the tips ' of the antennae, for it is 
most important that a proper spot should be selected. The bee’s 
cell is placed in a moss of solid masonry, a considerable part — 
but a part only — of whose area is occupied by the group of cells ; 
every cell is closed by bard mortar, making an uneven surface, 
and the face of the masonry is rendered more even by a layer of 
hardened clay outside the rougher material ; it is the task of the 
Leueospia to detect a suitable spot, in the apparently uniform 
external covering, and there to effect the penetration so as to 
introduce an egg into a ceE By what sensations the fly may 
be guided is miknown. After a spot has been selected and the 
ovipositor brought into play, the masonry is ultimately pierced 
' Sowm/in enUmoiogifUiet, TMaiime sirie, 1886, p. 166. 
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by patient work ; sometimes a quarter of an hour is sufficient fur 
the purpose, but in other cases three hours of uninterrupted 
effort are required before the end is attained. Fabre expended 
much time in watching this operation, and after the Insect had 
completed it, he marked with sT pencil the exact spot of the 
masonry that was penetrated, and the date on which it was done, 
and he states that he afterwards found that without any excep- 
tion a proper spot had been selected, and a cell consequently 
penetrated. Admirable as the instinct of the parasite appears 
from this point of view, it is nevertheless accompanied by a 
remarkable deficiency in two other respects. The first is that 
though the spot selected by the Leucoapia invariably gives 
entrance to a cell, yet in the majority of the cases the selected 
cell is not a suitable one ; a large number of the cells of the 
Chalicodoma are not occupied by living larvae on the point of 
pupation — though in that case only can the egg of the Leueoyna 
hatch and successfully develop — but by dc?ad and shrivelled 
larvae, or by mouldy or dried-up food. And yet, in each case of 
jfenetration, Fabre believes that an egg is deposited, even though 
it may be impossible that it can imdcrgo a successful develop- 
ment. Strange as this may appear, it is nevertheless rendenal 
less improbable by the second deficiency in the instinct of the 
parasite. The Insect has no power of recognising a cell that 
has been previously pierced either by itself or by another of its 
speciea One bee larva can only supply nomishment for a single 
lars'a of the parasite, and yet it is a common occurrence for a 
cell to be revisited, pierced again and another egg introduced ; 
indeed Fabre, by means of the cells he had marked, was able to 
assure himself that it is no uncommon thing for this to be done 
four times; four eggs, in fact, are sometimes deposited in a cell 
that cannot by any possibility supply fiwd for more than one 
larva. The egg of the Leueoapia is a curious object (Fig. 357, 
A), very elongate oval, with one end drawn out and bent so as 
to form a hook ; it is not placed at random in the cell of the bee, 
bubis suspended on the delicate cocoon with which the Chalieo- 
doim larva is surrounded at the period of pupatiom Fabre 
allowed sufficient time to elapse for the hatching of the lar\'ae 
from the eggs, and then opened some cells where Leueoapia eggs 
had been deposited, in order to obtain the larx'ae ; when doing 
this he was surprised that he never found more than one Leu- 
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eoapia larva in a cell Even in cells whm-e he had observed 
more than one act of oviposition, and which' he had marked vat 
the time, only one larva existed. This induced him to think 
that it was possible that no egg was deposited by the Lemoapia 
at the second penetration. He accordingly examined cells soon 
after the eggs were laid, and thus discovered some that contained 
more than one egg,— indeed in one cell he observed no less than 
five eggs suspended from the cocoon of the Chalieodoma ; he was 
also able to demonstrate that eggs were actually deposited in some 
cells that contained no means of support for the larva. How then 
could these two facts be reconciled — foiur or five eggs deposited in 
a cell, only one larva present afterwards ? It is of course impos- 
sible to observe the operations of a larva shrouded in the obscurity 
of a cell formed of masonry, so he transferred some bee larvae 
with their destructive companions to glass tubes, in which he was 
able to note what took place. He found that the egg deposited 
by the Leiuioapia hatches and produces a very peculiar larva, 
having little resemblance to the Leueoapia larva that he had found 
eating the Chalieodoma larva. The primary larva (Fig. 357, B) 
of the Leueoapia is an arched worm, moderately deeply segmented, 
a millimetre or a little more in length, with a remarkably large 
and abruptly-defined head. The body bears 
erect setae, the most remarkable of which 
are a pair on the ventral aspect of each of 
the segments, each of these ventral setae 
being borne on a small conical prominence. 
These prominences and setae serve as ambu- 
latory organs, and are supplemented in their 
function by a protuberance at the posterior 
extremity. The little creature has consider- 
able powers of locomotion ; it moves, after 
the fkshion of many other larvae, by con- 
tracting and arching the body so as to bring 
the posterior part nearer to the anterior; 
then fixing the hinder part, the anterior is extended and fixed,<-.the 
posterior being again brought nearer to the front The Leueoapia 
larva when hatched does not at once attack the bee larva winch is 
to be its future food, but every few hours makes excursions over 
its surface, and even explores the walls of the cell ; returning, 
however, always to the cocoon for repose. The object of these 



Fio. 857. gigoB. 
A, Egg; B, primary, 
C, secondary larva. 
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excursions is, Fabre believes, to ascertain if another Imeoapis egg 
has been laid in the cell, and in that case to destroy it. For 
the food, as we have said, being only enough for one larva, and 
the mother Leucoapia frequently laying more than one egg in a 
cell, it is necessary that all the eggs Except one shoidd be destroyed. 
Fabre did not actually observe the act of destruction, but he 
found repeatedly in his glass tubes that the supernumerary eggs 
were destroyed, being, in fact, wounded by the mandibles of the 
first-hatched larva, After several days of this wandering life 
the tiny destroyer undergoes a first moult, changing its skin 
and appearing as a very different creature (Fig. 357, 0); it 
is now completely destitute of any means of locomotion, very 
deeply segmented, curved at one extremity, with a very small 
head, bearing extremely minute, scarcely perceptible, mandibles. 
The sole object of its existence in this state is to extract the 
contents of the Chalkodoma larva, and appropriate this material 
to the purposes of its own organisation. This it accomplishes 
not by wounding, tearing, or destroying the larva, for that ap- 
j|p.rently would not answer the purpose; the contents must be 
conveyed while still in their vital state to itself; and this it 
effects by applying its mouth to the extremely delicate skin of 
the victim, the contents of whose body then gradually iwiss to 
the destroyer, without any visible destruction of the continuity 
of the integument. Thus tlie Lemoapia larva gradually grows, 
while the bee larva shrinks and shrivels, without, however, 
actually suffering death. The process of emptying the bee larva 
apparently does not occupy the Leucoapia more than two or tlu’ee 
weeks, being completed by about the middle of the month of 
Allgust ; afterwards the larva remains in the cell by the side of 
the shrivelled skin of its victim for ten or eleven months, at the 
end of which time it assmnes the pupal condition, and very 
shortly thereafter appears as a perfect Insect. 

Monodontomerua cupreua is another member of the Chalcididae 
that lives parasitically at the expense of bees ai the genus Cludi- 
codoma. Its habits have been sketched by Fabre,^ and exhibit 
(Considerable difference from those of Lemoapis. It is much less 
in size, and can accommodate ittelf to a greater variety of food ; 
it will, in fact, eat not only the larva of Chalieodoma, but also 
that of another bee, of the genus Stelia, that is frequently found 
' Souvenirs cntomologiques, Troisi^me s^rie, 1886| p. 179. 
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shut up in the cell of the Chalieodoma, at whose expense the 
Stelis also lives parasitically. The MonodotUomenu bores a hole 
through the masonry of the bee and deposits its eggs in the cell 
after the fiuhion of the Leueo^» ; one bee larva is, however, 
sufficient food for several individuals of the young of this smaller 
parasite. There is no hypermetamorphosis, the early larval 
condition resembling the later. This Insect attacks not only 
Chalieodoma and Stdia, as already mentioned, but also other bees ; 
and a single larva of some of the larger kinds will afford sufficient 
food for fifty young of the MonodoTUomerua. They feed on the 
bee larva, as the Leueoapis does, without wounding it. This fly 
has the power of recognising what is suitable provender for its 
young by the use of the antennae, even when the conditions are 
so changed that it is clear the sense of sight has nothing to do 
with the recognition. Fabre relates that he hod extracted u 
number of the bee larvae from their cells of masonry, and that 
as they were lying on his table enclosed in their cocoons, the 
MonodoiUomerua recognised the latter as containing the desired 
provender for its young by examining them with its antennae : 
after which, without hesitation, the Monodontomerns pierced the 
cocoon with its ovipositor and deposited the eggs in a suitable 
position. This observation, together with those mtide on Leucospis, 
seem to indicate that it is neither by sight nor smell that these 
Insects di^ver the desired object, but by some sense we do not 
understand, though its seat is clearly in the antennae of the 
Insect. 

Newport discovered a Momdontommia, which he described 
as M, nitidua} in the cells of the bee Anthophora retuaa, and 
demonstrated that the alimentary canal, as is usual in Fetiolate. 
Hymenoptera, is closed behind until the Insect is about to enter 
the pupal state, when it becomes perforated and faecal matters 
are for the first time passed from it. " These matters were com- 
posed of the refuse of digestion and of epithelial cells accumulated 
during the period of feeding, and retained in the digestive sac 
until the period of its perforation. In this way the food, and 
abode of the Insects are maintained pure and uncontaminated, 
and the digestive apparatus is completed, and the refuse of 
nutrition ejected only when the whole of the food has been 
consumed.” , 


^ Tr, Linn, Soc, xsi. p. 67. 
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In the cells of the same bee Newport discovered another 
curious parasitic Chalcid, Anthoph>oraMa retusa} The male has 
short wings, and the compound eye is replaced by an ocellus 
on each side of the head, the fepale having fully developed 
wings and eyes. A variation may occur in the metamorphosis 
of this Insect, inasmuch as when the growth is completed during 
the month of August, the Insect changes to a pupa, the imago 
appears ten or twelve days thereafter, and the perfect Insect then 
hibernates for seven or eight months ; but should the completion 
of growth be deferred till after the end of August, hibernation 
takes place in the larval condition. A large and brilliant Chalcid 
Euehaiis myrmeciae, has been described by Cameron as preying 
on the formidable Australian ants of the genus Myrmeda. 

The development of Smicra clavipes has been partially de- 
scribed by Henneguy.® This Insect lives in the interior of the 
aquatic larva of Stratiomys strigosa, a Dipterous Insect. As 
many as fifty e^ of the parasite are foun^ in one larva, but a 
Idrge number of embryos die during development, so that he has 
u^er foimd more than two or three well-grown larvae in one 
Stratiomys larva. It has been ascertained that the eggs of many 
of these parasitic Insects are deficient in yolk, and the ovum of 
Smicra is said to obtain the nutritive materials necessary for 
the development of the embryo from the blood of its host by 
endosmosis. For a long time after the assumption of the larval 
condition, the larva appears to nourish itself only at the expense 
of the blood of its host. The segmentation of the ovum is total, 
and a single embryonic membrane appears at an early period, 
before the formation of the embryo, by a process very different 
from that giving origin to the amnion of the majority of 
Insects. 

A very interesting sketch of the development of Ewyrtus 
fvseieollis has been given by Bugnion.® This small parasite 
passes its earlier stages in the interior of the larva of Jfypono- 
meuta cognatella or other Lepidoptera. The female Ewyrtus 
deposits her eggs in the interior of a caterpillar, in the form of 
a c^ies of 50 to 100 or more eggs enclosed in a sac ; the origin 

* According to Ashmead, P. ent, Soc. JFatkinglon, ii. 1893, p. 228, this genus 
should take the name of MelUlobia, 

* Ann. Ifat. m»t. (6) z. 1892, p. 271. 

’ See. Zool. Suiue, y. 1891, pp. 436>83t. Cf. Koulaguine, Congr. inlemat. Zeol. 
ii. 1892, pt. i. p. 266. 
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of the sac is obscure, but the embryonic development and the 
early part of the larval life are passed in the sac, which contains 
a supply of nutritive matter. The larvae of the Eneyrtus are 
at first entirely confined to this sac, but whra they have con> 
Burned all the nutritive matter in it, they leave it and pass the 
remainder of their larval and pupal existence in the body-cavity 
of the caterpillar.. They live at first on the lymph (blood) of 
the Insect, and apparently do it no harm; nevertheless the 
strength of the caterpillar is so much enfeebled that it fails 
to undergo the transformation to a pupa; the parasites then 
devour its interior, and use the mnpty skin as a nidus for their 
own pupation ; they form cocoons which divide the area into com- 
partments. Usually the individuals disclosed &om one Hyyono- 
mewta are all of one sex, which may be either male or female. 
Unfortunately the most interesting points of this development, 
viz. the history of the common sac for the larvae, the nature of 
the eggs, the earlier embryonic stages, and the nutriment in the 
sac, are st^l without elucidation. The account given by Bugnion 
raises a ^eat desire for information on these points. 

We have in a previous page described the remarkable mode 
of ovipositiqn of Mantis. Captain Xainbeu' has made a very 
curious observation to the effect that a minute Chalcid, Podagrion 
(Palmon) pachymerus, shelters itself under the ivings of the 
Mantis so as to be in a position to oviposit in the eggs of the 
latter when it shall be forming its peculiar ootheca. 

The genus Isosoma consists of Insects .that differ in habits 
from their congeners, being phytophagous instead of parasitic. 
I. tritici and I, hordei live in the stalks of com, and in North 
America, where they are known to the agriculturist as joint- 
worms, are frequently very injurious to cropa They are some- 
times obtained in large numbers without any males appearing, and 
a wingless as well as a winged form of the female occura Owing 
to the fact that the allies of these Insects are parasitic, it has 
been frequently maintained that this may also prove to be the 
case with Isosoma, but the observations of Biley^ and others leave 
no doubt that the Insects of this genus arp really plant- 
feedera 

^ Bull* Soc, Ent, Etanu (5) vii. 1877, p* Ixix, ; also Andre, FefwilU Naiutal* viL 
1877, p. 136, and Riley and Howard, Insect Life^ iv. 1892, p. 242. 

° Insect LifCf i. 1888, p. 121. 
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Biley has called attentiou ^ to some &cts in connection with 
I. tritici and I. grande, that make it clear that these two supposed 
species are really alternate generations, and that both generations 
are probably in larger part, if not entirely, parthenogenetia 
Some species of the genus Megastigmvs are known to be of 
phytophagous habita^ 

The most interesting of all the forms of Chalcididae are 
perhaps those called fig-Insecta A considerable number of species 
are now known, and amongst them we meet with the unusual 
phenomenon of species with wingless males, the females possessing 
the organs of flight normally developed. The wingless males 
exhibit the strangest forms, and bear no resemblance whatever to 
their more legitimately formed partners (Fig. 358, A, B). Many 
of the flg-Insects belong to a special group called Agaonidea 
Others belong to the group Torymides, which contains likewise 
many Chalcididae of an ordinary kind ; possibly some of these 
may be parasitic on the Agaonidea Some of these Torymid flg- 
Insects have winged males, as is normal in the family, but in 
other cases winged and wing- 
less forms of the male of one 
species may be present. 

The most notorious of these 
flg-Insects is the one known 
as Blastophaga grossorum (Fig, 

358), this being the chief agent 
in the custom known as capri- 
fleation of the cultivated flg- 
tree. This process has been 
practised from time immemorial, 
and is at the present day still 
carried on in Italy and the 
Grecian archipelago. The Greek 
writers who describe it say that 
the wild fig-tree, though it does 
•not {ipen its own fruit, is ab- 
sblutely essential for the perfection of the fruit of the cultivated 
fig. In accordance with this view, branches from the wild fig 

^ Report of ike Entoniologiet, Dep, Agriculture, JFashington, 1886, p. 542. 

*- Wachtl, Wien, ent, Zeit, xii. 1893, p. 24, Howard, R,U,S, Nat, ifiw, xiv, 
1892, p. 586. 
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are still gathered at certain seasons and suspended amongst the 
branches of the cultivated fig-trees. The young fig is a very 
remarkable vegetable production, consisting of a hollow, fieshy 
receptacle, in which are placed the extremely numerous and 
minute fiowers, the only admission to which is by a small orifice 
at the blunt end of the young fig ; this orifice is lined witK pro- 
jecting scales, that, more or less completely fill it up or close it ; 
nevertheless inside this fruit the Blcutopha^a groaaorum develops 
in large numbers. The males are, as we have seen, wingless 
creatures, and do not leave the fruit in which they were bred, 
but the females make their way out of the wild fig, and some 
of them, it is believed, enter the young fruit* of the cultivated 
trees and lay their eggs, or attempt to do so, therein; and it 
has been supposed by various writers that these proceedings are 
essential to the satisfactory development of the edible fruit. It 
is a curious fact that the Blaatophaga develops very freely in 
the wild fig — so much so, indeed, as to be a means of preventing 
it from coming to maturity ; but yet the Insect cannot complete 
its development in the cultivated fruit. This is due to the fact 
that the fly must lay its egg in a particular part of the fig- 
ovule, so that when the egg hatches the larva may have a proper 
supply of food. In the cultivated fig the structure of the flower 
differs somewhat from that of the caprificus, as the wild fig is 
called, and so the egg, if deposited at all, does not reach a proper 
nidus for its development. Hence the Blaatophaga can never live 
exclusively on the cultivated fig, and if it be really necessary for 
the development of the latter, must be brought thereto by means 
of the caprifig. Whether the Blaatophaga be really of use, as has 
been for so long supposed, is, however, a matter for doubt. The 
reasons for this are (1) that those who think caprification bene- 
ficial do not agree as to the mode in which they suppose it to be 
BO ; (2) that there is but little reason for believing that when 
introduced amongst the cultivated figs the Blaatophaga occupies 
itself to any great extent therewith ; and (3) that in some parts 
of the world caprification is not perfdhned, but the cultivated fig 
nevertheless ripens its fruit there. Hence many , writers on the 
subject — Solms-Laubach,^ Mayer,* and Saunders • — entertain con- 
siderable doubt as to whether caprification is at present anything 

^ Ahh. Ges, Gdttingen, xxviii. 1382. * Mitt, Slat, Neapd^ iii. 1882, p. 55. 

• 2V. ent. Sac, Loiuton, 1883. p. 889. 
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more than an old custom destitute of practical utility. On the 
other hand, Biley states ^ “ that the perfect Smyrna fig, the most 
esteemed of - the edible species, can be produced only by the 
intervention of the Blastophaga psenes [grosicyruin]’' 

Although the questions connebted with the effect the Blasto- 
phaga is supposed to produce on the fruit are of a botanical 
rather than a entomological nature, we may briefly say that two 
views have been held : (1) that, as in the fruit of the cultivated 
fig, only female flowers are produced, the JHasiophaga is necessary 
for their fertilisation and the subsequent development of the 
fruit; (2) that the Insects stimulate the fig by biting parts 
thereof or by burrowing in it, and so give rise to the processes 
that have as their result the edible fruit. There seems to lie 
little doubt that the Insect agency is necessary to the fertilisa- 
tion of some species of figa Cunningham, who has recently 
carried out an elaborate investigation as to the fertilisation 
of Fictis roxburghii^ concludes that in this fig, and probably 
also in other kinds, the perfect development is dependent on 
the access of the fig-insects to the interior of the receptacular 
cavity. Should access fail to occur, both male and female 
flowers abort, without the formation of pollen grains by the 
former or seeds by the latter. The access of the Blastoplmga is 
thus as necessary for the perfect evolution of the normal male 
and female flowers as it is for that of the modified $ or gall- 
flowers, with their contained ova and Insect-embryos. Whether 
the successful fertilisation of the flowers is really essential to the 
production of the edible fig is not a question for our discussion. 

Fig- Insects are apparently more numerous in South America 
than they are in any other part of the world ; and Fritz-Miiller 
has discovered ® a numljer of species there of a very extraordinary 
character, several of them possessing two forms of the male, one 
winged like the female, the other wingless and so different in 
character that they were considered to belong to a different genus. 
The wingless male of a species found in Madagascar, Kradibia 
eowaaii, has the peculiarity of possessing only four legs, the middle 
pair being represented merely by minute two-jointed rudiments. 
Some of these Insects live in galls on the figs. The fig-insects 

^ P. Mol, Soe, Washington, vii. 1892, p. 99. 

^ Ann. Botan, Garden, Calcvita, i. 1889, Appendix L. 

’ P. ent, Soc. London, 1886, p. x. 
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were formerly considered to belong .to the Proctotrypidae or to 
the Cynipidae (gall-makers), but there can be no doubt, not- 
withstanding they differ so much in their habits from the para- 
sitic Chalcididae, that they probably belong to the same family. 
If treated as different from Chalcididae, they should be separated 
as a distinct family rather than united with the Cynipidae.^ 

It is impossible for us to do more than allude to the extra- 
ordinary shapes exhibited by some 
Chalcididae. The genus 'I'lkoracaiUha 
ia specially remarkable in this respect. 
T. latreillei is said to resemble a beetle 
\ j of the family Mordellidae, and has the 
L y wings concealed by false wing-cases — 

® really projections from the thorax — so 
Fio. 859.— that from above the Insect bears no 
fAfter mtOThOTSfc)* resemblance to the other Insects of the 
Order it really belongs to. 

Howard has called attention to some peculiarities in the 
pupation of Chalcididae.^ Like the Cynipidae, they do not make 
a silken cocoon, but some of them that change to pupae inside 
the victims on which they were nourished have the power of 
for ming oval cells in which to imdergo their transformation, 
and they thus cause a peculiar inflation of the skin of their de- 
ceased victim, which after death still continues to serve as a 
protection to the destroyers. The statement made by Ilaliday, 
and repeated subsequently in various works, to the effect that 
Coryna spins a cocoon under the Aphis in which it has lived, is 
an error, the cocoon being really formed by J^aon, a Braconid 
that is a parasite of the Aphis, and on which the Chalcid Fachy- 
erepis {Coryna) lives as a hyperparasite. The pupae of some 
species differ from those of other Hymenoptera, in that the 
integument is hard, and the limbs are soldered to the body as in 
Lepidoptera. These forms pupate external to the victim. 

Fritz Muller has recorded that the pupa of an unnamed species 
of Chalcid that attacks a Brazilian ant {Azteca instabilis Forel) 
is suspended on the wall of the cell the ant lives in by its 
posterior extremity, just like the chrysalis of a butterfly. 

^ For a syatomatio memoir refer to Mayr, Verh, zooL^hot. Gca, Wicn^ xxxv, 1885, 
p. 147, etc. 

‘ Inaeci Idfe^ iv. 1891, p. 193. 
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Notwithstanding the small size of Chalcididae, their remains 
have been detected in the tertiary strata of both Europe and 
North America. 

Fam. IV. Ichneumonidae (Ichneumon-flies). 

Wings with a welUdemloped series of nermires and cells; the 
space on the front vnng separating the second posterior cell 
from the cubital cells is divided into two cells hy a transverse 
veinlet. The abdomen is attached to the lower or posterior 
part of the median segment Larvae piarasitic in habits. 

The Ichneumonidae form a family of enormous extent, con- 
taining nearly 6000 described species. The study of the family 
is but little advanced, owing to their parasitic habits and to 
this bewildering multiplicity in their 
specific forms. Most of the species, in the 
' larval state, live inside the larvae of I^pi- 
.jdoptera, and they thus keep the myriads 
of caterpillars within bounds, the number 
of these destroyed by Ichneumons being 
prodigious. Some of the family are, 
however, external parasites, and some are 
known to attack Spiders and Insects of 
other Orders than Lepidoptera. Their 
antennae are not elbowed and are many- 
jiunted, the joints being closely compacted, 
especially towards the extremity. This 
character readily distinguishes Ichneu- 
monidae from the families wc have Fio. 360.-2;.-^»ote«<o^ 9. 

. . 1 1 n,i Britain. Parasite of the 

previously considered. Ihe ocelli are Roat-moth, etc. (After 

well developed even in the apterous forms, K^t^hurg.) 

■ and are placed in a triangular position on the vertex. The pro- 
notum is small in front ; and extends backwards at the sides to 
the points of insertion of the front wings; it is fixed to the 
mesonotimi. The wings (Fig. 367, A) have a more complex 
neuration than those of most of the other parasitic Hymenoptera, 
hut are occasionally absent in one or both sexes of a species. The 
metathorax is very small, and the middle and hind legs are 
placed close together. The propodeum is very large, and is 
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freqnentlj covered with a highly-developed aculpture. The hind 
body apringe hrom the lower part of the propodeum ; it is usually 
of slender form, and its segmentation is very conspicuous. The 
females bear an ovipositor, which differs greatly in length accord- 
ing to the species, and is known in the case of one species to 
attain a length six times that of the whole of the rest of the 
body.^ The egg is deposited by some species, on the skin, by 
others within the body of the victim ; it 'varies much in form and 
colour, some eggs being stalked and of peculiar shape. The 
larvae issuing from the eggs are legless maggots with a delicate 
integument of pallid white or creamy colour. If the eggs are laid 

on the surface of the body, the result- 
ing larvae (except in the cases of the 
external parasites) soon bore into the 
interior of their victim, and disappear 
therein. The changes that take place 
in the lifetime of the larvae have 
been studied in only a few cases ; biit 
if we can judge from Batzeburg’s 
history ‘ of the changes that take 
place in Anomalon, they are of great 
interest. From observation of the 
differences existing amongst a great 
number of larvae of A. circumflexum 
he distinguished four stages. It is of 
course impossible to follow directly 
the growth of one individual, be- 
cause it is concealed in the interior 
of the caterpillar in wliich it lives, 
and to open this involves the death 
of both caterpillar and Ichneumon- 
Fw. in.—Ano^m eireutn- jarya. The life history must therefore 

jCexuiH, larval aovelopment. i « 

(Alter Ratzeburg.) A, First be constructed from a great number of 

.il!^'i«®thr^Wrd^^"eLysted ^parate observations; and it is not 
stage extracted from its cyst ; {pertained that the four instars de- 
D, the mature larva ; E, pupa, gppjjjgj Eatzeburg represent tlie 

number of moults of the larva that actually take place. He, 
however, entertained no doubt that all the forms he observed 

* Tosquinet, Ann. Soe, ent. Bdgijue, zxxviii. 1894, p. 694. 

^ Itknenm. Font, Ins. 1844, p. 81. 
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were stages in the development of one species. In the earliest 
stage, when only one millimetre in length and about as thick 
as a horse-hair, the larva is free in the interior of the cater- 
pillar’s body, and has a small head armed only with a pair of 
mandibles. There are, in additisal to the head, thirteen segments, 
and the last of these is an elongate tail forming nearly one- 
half the length of the creature. No trace of tracheae can be 
discovered. In the second stage the larva is still free, an elon- 
gate tracheal tube exists, the tail has diminished to half the 
length, the head has become much larger, and rudimentary 
antennae of one- joint are visible; possibly stigmata are present 
at this stage, though they cannot afterwards be detected. In 
the third stage (Fig. 361, C) the larva is encysted, the head is 
large, the parts of the mouth are all developed, the tracheal 
system is extensive, and the caudal termination of the body is quite 
short ; notwithstanding the extensive development of the tracheal 
system, no stigmata can be found. In the fourth stage the 
. larva is still encysted, the tail has disappeai-ed, the head and 
juouth parts are reduced in size and development, and the creature 
has now the appearance of a normal larva. The changes to pupa 
and perfect Insect take place within the body of the victim, in 
some cases, if not usually, after it has undergone its metamor- 
phosis into a chrysalia Very little information is extant as to 
the duration of the various stages, but it appears to be the rule 
that only one generation appears annually, though in some cases 
there are pretty certainly two. 

It is very difficult to observe the act of oviposition; the 
Ichnemnon-flies usually decline to notice catei-pillars with which 
they are placed in confinement. Katzeburg thinks they will only 
attack caterpillars that are in a deficient state of health or vitality. 
Occasionally we may by a happy chance observe the act in 
Insects at large, and from the records of observers it may be 
deduced with tolerable certainty that the sense of sight takes no 
part in the operation. Batzeburg relates that he saw a Fimpla 
alight on a leaf of Jthus and thrust its ovipositor through the 
leaf. On looking to the under-side of the leaf he found that a 
cocoon of Bomhyx mustria was concealed there in such a position 
that it could not have been seen by the Ichneumon. 

Among the most remarkable of the Ichneumon -flies are the 
Insects of the genera JRhyssa and Thctlma. These fine Insects 
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have an ovipositor three or four inches in length, and are parasitic 
on species of the fEunily Siricidae, which, aS we have previously 
described, live in solid wood. In order therefore to deposit 
the egg in a suitable place, the wood must be pierced by the 
Ichneumon. The ovipositor is not only of extreme length, but is 
also furnished with serrations on its apical part, so that it forms a 
very effective boring apparatus. It is brought into use by being 
bent on itself over the back of the Insect (Fig. 362), so as to bring 
the tip vertically down on to the wood, through which it is then 
forced by a series of efforts ; the sheaths do not enter the wood. 
The egg is laid anywhere in the burrow of the Sirex; the young 
larva seeks its prey, and lives on it as an external parasite (Fig. 
342, D). Erne, however, states^ that the young larva of Ehysm 
perauaaoria enters its victim, and remains within the latter till its 

death occurs. This happens 


when the young Ehysm is 
two or three lines in length, 
and it then makes its exit from 
the interior of the body and 
gradually eats it up. Should 
the larva it has attacked be of 
large size, it of itself affords 
sufficient food for the comple- 
tion of the growth of the 
Jthyssa. Should the Ithysm, 
however, have attacked a small 
larva, this does not furnish it 
with sufficient food, and it con- 
sequently dies without seeking 
another larva. Erne says, 
indeed, that it will not eat 
another if offered to it, so that 
in order to rear the Ehysm in captivity, the victim it has first 
attacked must always be given to it. The same observer states 
that the Ehysm larva is sometimes transported by the Sixae 
deep into the wood, so that when it has completed its metamor- 
phoses the Ichneumon-fly may find itself buried in solid wood to 
a depth of about two inches. In that case it excavates the wood 
with its mandibles, and should it fiul to gain the exterior after 
’ Mitt..tehvseiztr. mt, Oe$, ir. 1876, p. 618. 



Ro. 382.— lunater. 

(After lUley.) 


Orlpoeitloii. 
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three ^ys of work, it dies. In the case of Thalemt, it is stated 
that it sometimes bores into wood where there are no larvae, but 
Biley thinks this erroneous ; it is, on the other hand, certain 
that the Insect after penetrating the wood is frequently unable 
to withdraw the ovipositor,. amilC^nsequently dies. 

Padrard has recorded,^ without mentioning the species, the 
oviposition of an Ichneumon of which the egg is deposited 
externally. It was placed on the head of the -caterpillar, and 
speedUy hatched; the young larva at once bored through the 
prothoracic segment of the victim, the head of the latter then 
became swollen, and covered the opening into the prothorax, made 
by the parasite. 

The history of an Ichneumon larva that feeds as an external 
parasite has been sketched by Be Greer and Newport. The 
observations of the latter ‘ refer to Faniscus virgatus; he 
found small, shining, black bodies attached to the skin of the 
larva of a moth, Mame»tra pisi; these were the eggs of the 
f Ichneumon. They are furnished with a short peduncle, which 
^ is implanted in the skin of the victim ; the egg, according to Be 
Geer, being retained more firmly by the peduncle subsequently 
swelling, so as to form two knobs. The hatching takes 
place by the egg-shell splitting longitudinally, while from the 
split protrudes the little head of the destroying larva. This 
becomes fixed to the caterpillar, from which the nutriment is 
to be drawn ; the Paniscua larva does not, however, leave the 


egg-shell, but, on the contrary, 
becomes adherent to it, so that 
the parasite is in this manner 
fixed by the two ends to its 
victim. In fifteen days the 
parasite was full-grown, and had 
become half an inch in length. 
At first no tracheae were 
to be seen, but these were 



Flo. 863. — ^Young larva of Paniscns in 
position of feeding on the skin of Mmn - 
estra, (After Newport.) Tl* egg- 
shell. 


detected after the second day. Moulting took place three 
times, and in a peculiar manner, very different from that 


described by Batzeburg as occurring in the internal parasites 
(which, he states, change their very delicate skin by detaching it 
in almost imperceptible fragments). In the external parasite the 


‘ Fifth Stf. U.S. EtU. Comm. 1890, p. 16. * Tr, Linn. Soc. xxL 1862, p. 71. 
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skin remains entire, and is shufBed down to the extremit^r of the 
body, but cannot be completely detached owing to the anchoring 
of the posterior part of the body to the caterpillar ; the cast 
skins thus remain as envelopes to the posterior part of the body. 
Newport states that if the mouth of the parasite be detached, it 
usually cannot again seize hold of the victim, and consequently 
perishes. It is a curious fact that more eggs than one caterpillar 
can support are •habitually placed on it, and some of the resulting 
larvae of necessity perish during the period of growth. Poulton, 
who has recently made some additional observations on the 
development of Paniaeua} says that if three larvae are close 
together, it is the middle one that perishes, and suggests 
that this is due to some simple physical condition. From 
Nevrport’s account it may be gathered that the Mamestra 
retains sufficient vitality to form its cocoon, and that the 
Paniscua larvae likewise construct their own cocoons within 
that of the Mamestra. In the case of Panisctis cejJudotes 
feeding on IHeranura vintda, Poulton relates that the latter died 
after the twelfth day of attack. The parasites, having relaxed 
their hold on the victim just previous to this event, then thrust 
their heads into the dead body, and devoured the larva, leaving 
only a dried and empty int^ument. These larvae span a loose 
sort of web in which to undergo their metamorphosis. In a 
natural state, however, they form cocoons inside the cocoon of 
the IHcranurd. The period passed in the pupal condition was 
about four weeks. This parasite only attacks the Lepidopterous 
larva during the last stage of its existence as a larva, but the 
eggs may be laid on the victim in an earlier stage ; and in such 
case Be Geer has stated, and Poulton has confirmed the observa- 
tion, that though the larva sheds its skin it does not get rid of 
the egg& 

The little Ichneumons of the genus Pezomachus are quite 
destitute of wings and somewhat resemble ants ; they are 
common Insects in Britain. Only the female sex is known, and 
it is believed that the winged Ichneumons assigned to the genqs 
Hemiteles — of which no females are known — are the males of 
Pezomachus. Bepeated efforts have been made to place this 
beyond doubt, but they have usually failed, for when a brood of 
these parasites is reared, the individuals generally prove to be 
^ Tr, enJt, Soc.. Londo7i, 1886, p. 162, and 1887, p. 803. 
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either all Hemiteles or all FezomacJms. It is to be hoped that 
this interesting case will be fully elucidated. 

Although the Ichneumonidae ai-e perhaps the most purely 
carnivorous of all the great families of Hjunenoptera, thei-e is 
nevertheless reason for suppoiring that some of them can be 
nourished with vegetable substances during a part at any rate of 
the larval existence, Giraud and Cameron ^ having recorded observa- 
tions that lead to the conclusion that some species of the genus 
Pimpla may inhabit galls and live on the substance, or juices 
thereof. 

Over 1200 species of Ichneumonidae are known to inhabit 
Britain, and there can be no doubt that this number will be 
increased as a result of further observation. Unfortunately no 
general work has yet been published on this department of our 
&una, and the literature is very scattered.^ The species of 
North America have not received so nmch investigation as those 
of Europe, and the Ichneumon fauna of the tropics remains almost 
uninvestigated. Six sub-families are recognised: Agriotypides, 
, Ichneumonides, Cryptides, Tryphonides, Pirnplides, Ophionidea 
Of these the first is the most remarkable, as it consists of an 
Insect having aquatic habita It 
has for long been known that the 
unique species Agriotypus armatus, a 
rare Insect in our islands, is in the 
habit of going under water and re- 
maining there for a considerable 
period, and it has now been satis- 
factorily ascertained that it does this 
for the purpose of laying its eggs in 
the larvae of Trichoptera.* The re- 
sultant larva lives inside the cases 
of .pooioo Of SUo, Ocira. etc. It SS”’ 

undergoes a sort of hypermetamor- 
phosis, as its shape before assuming the pupal condition 

• ^ Ewt, Month, Mag, xiii. 1877, p. 200. 

^ A catalogue, with references, of the British Ichneumonidae was published by 
the Entomological Society of London in 1872. Since then many additional species 
have been detected and recorded, by Mr. Bridgman atld others, in the TranaactioM 
of the same Society. 

^ Klapdlek, Ent, Month, Mag, xxv. 1889, p. 389, and Arch, Landccdurch/orschwig 
Bdhmenf viii. No. 6, 1898, p. 53, 
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is very different to what it was previously. It changes to 
a pupa inside the case of the Trichopteron in a cocoon attached 
to the walls of the case. Previous to making this, however, the 
Agriotypus forms a curious, elongate, string-like process attached 
to the anterior extremity of its cocoon. The use of this is 
unknowa Full information as to the life-history of this aquatic 
Hymenopterous larva, especially as to its respiratory functions. 



Fzg. 365. — Metamorphosis of Agnotyp%M, (After Klap&lek.) A, Larva ; By sub-iiympli ; 
C| case of the SUo with the string of attachment formed by Agriolypua ; D, section 
of the case : operculum of case ; cocoon ; agf pupa of Agriotypus i e, exuvia 

of Agriotypus ; itr, wall of cocoon ; a, remains of Hilo ; closure of cose. 


would be of great interest. The affinities of this remarkable 
Insect are still doubtful. It may probably prove to be between 
Proctotrypid'ae and Ichneumonidae. 

Kemains of Insects that may be referred with more or less 
certainty to Ichneumonidae have been found in some abundance 
in various tertiary strata both in Europe and North America, but 
nothing indicative of the existence of the family has yet been 
found in the older rocks. 


Fam. V. Braconidae — Supplementary Icbnenmon-flies. 

Antennae with many {nearly always mare than fifteen) joints, not 
genicvlate. Wings with a moderate number of cells, which 
on the anal part of the front wing a/re more or less imper- 
fect, the anal (ie, the second posterior) cell being separated 
from the cubital cells by a large ipace in which there is no 
eross-nervure. Abdomen with but little mobility between the 
segments; the suture between the second and third usmlly 
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absent^ or obsolete. Larvae living parasitically in — possibly 
exceptionally outside — the bodies of larvae or pupae of Insects. 



Pia. 366. — Brmon palpdmtor^ 
female. Kiirope. (After Ratze- 
bttig.) 


Pio. 367. — Diagram of wing of Ichneii- 
monid (A) and of Braconid (B). 1, 2, 

8, 4, series of cells extending across 
the wing ; Oy divided cell of the 
Ichneunionid wing, corresponding with 
r(, the undivided cell of the Braconid 
wing. 


. The Braeonidae are the Ichneumones, or Ichneumonides, 
adsciti of the older Hymenopterlsta They are extremely similar 
to the Ichneumonidae, but the hind body has a much less degree 
of mobility of its segments, and there are some constant distinc- 
tions in the wings. Although there is a great deal of difference 
in the various forms of each of the two families, yet there are 
two points of distinction easily appreciated ; the series of cells 
running across the wing (Fig. 367) being only three in the 
Ichneumonides (Fig. 367, A), but four in the Braconids (Fig. 367, 
B) ; besides this the space a of the Braconid wing is divided 
into two (a, h) in the Ichneumonid wing. A glance at these 
characters enables us at once to separate correctly the thousands 
of species of the two families. 

The habits of the Braconidae are similar to those of Ichneu- 
niouidae, it being believed that all are parasites. Usually they 
attack larvae, but they are bred in great numbers from pupae, 
and even from imagos of other Insects. Elcmiosoma is one 
of the few parasites known to attack ants. As many as 1200 
specimens of Microgaster have been reared from a single Lepi- 
dopterous larva. Although such parasitism raises a feeling of 
repulsion, yet there is reason for supposing that there may be 
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littk or no cruelty or acute suffering connected with this mode of 
life. The victim attacked is not eaten, the parasites in the in- 
terior taking in the lymph of the caterpillar either by the mouth ‘ 
or by endosmosis, but not biting their host. The latter displays 
no sign of sickness, but eats voraciously, so that it serves merely 
as a sort of intermediary between the juices of the plant and the 
larvae inside itself. It is only when the metamorphosis is at 
hand that the host ' sickens, but this does not always happen : 
parasitised larvae frequently change to pupae, and they may 
occasionally even become perfect Insects. Cases are known in 
which images have appeared with some of the small parasites 
embedded in some of the outer parts of their bodies. These 
cases are, however, very rare; in the enormous majority of 
instances the host is destroyed either when it is in the larval 
stage or before the pupa has advanced to any great extent on 
its metamorphosis to an imago. Particulars as to various species 
will be found in the valuable work of Batzeburg we have already 
referred to.^ Beference may also be made to Goureau’s account 
of Microgmter glohatua^ this latter including some suggestions 
by Dr. Boisduval on some of the difficult physiological questions 
involved in the lives of these parasitea 

The metamorphosis of Mierogaster fvlvipes has been studied 
by Batzeburg, and an epitome of his observations is given by 
Marshall’ The larva goes through a series 
of changes somewhat similar to those we 
have already sketched in Anomalon cir- 
cumflexum. ■ Usually these Insects after 
emerging from the body of their host spin 
a mass of cocoons more or less loosely 
connected together. A most curious case 
has, however, been recorded by Marshall ® 
of a stalked cocoon (Fig; 368) being 
Fra. 868.— Stalked cocoon formed as an exceptional act by Apantdes 

Mr. Marshall has recently re- 
ceived other specimens of this cocoon as 
well as the Insects reared therefrom in France, and inclines to 
the opinion that the stalked cocoon may be the usual form, and 
is sometimes departed from by the Insect for unknown reasons. 

* Tdmtum. Font. Ini. 1844. * Ann. Soe. ent, France (2), iii. 1845, p. 855. 

•' ’ Tr. ent. Soe. London, 1885, pp. 224, 219. 
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This family is of enormous extent ; we have several hundred 
species of it in Britain,^ and there are no doubt many thou- 
sands of undescribed exotic forma To Apanteles glomerntua we 
are indebted for keeping our cabbages and kindred vegetables 
from destruction by the catei*|lillars of the white butterflies. 
The larvae of the various species of Fieris, as well as those of 
other Lepidoptera, are attacked by tliis little Insect, the masses of 
whose cocoons may frequently \ye found in numbers in and near 
cabbage gardens. Tlie tropi- 
cal species of Braconidae are 
greatly neglected, but many 
large and remarkable forms 
— some of brilliant colours 
— have .been brought from 
there, so that we are justified 
in believing that Insects of 
this family will prove to be 
-very numerous. There are 
|iut few apterous Braconidae. 

Both sexes of Chasmodon 
apterns are destitute of wings ; 
the females of one species of 
fipathiuSy and also tliose of 
Faiaholiis Chasmodon are 
apterous ; in a small number 
of species of various genera 
the wings are so minute as 
to be incapable <if serving as 
organs of flight. In the 
genus Alloea the wings of 
the male are shorter than 
those of the female. 

Fio. 869. — Stenophasmiis ruficepSf female. 

Fftm. VI. Stephftnid&e. Am IslamU. (After Westwood.) 

Antennae composed of many (thirty to seventy) joints y hind body 
attached to the lower and posterior part of the median dorsal 

^ A monograph of the Britiali Braconidae was commenced by the Rev. T. A. 
Marshall in 188.5, and is still in progress, in the TramaadUnis of the Entomoloijiml 
Society of London ; cf. 07 ). cit. 1885, 1887, 1889, 1891, 1894. 

VOL. V 2 O 
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plate. Wings with a distinct costal eeUvle; head globose, 
posterioT femora frequently tooths 

This is a doubtful family, consistiug of a few anomalous 
Insecta Schletterer assigns to it only two genera, St^hanus and 
Stenophasmus;^ both have a wide distribution over the world, 
though we have no species in Britain. Nothing is known of 
their habits, and they are apparently all very scarce Insects. 
The definition is compiled from those of Cameron and Schlet- 
terer. There seems very little to distinguish these Insects from 
Braconidae. 

Fam. Vn. Megalyridae. 

Hymenoptera with short broad hind body, which is not separated 
by a pedicel from the thorax. The female has a very long 
bristle-like ovipositor. Antennae with fourteen joints. 

This family is constituted by the Australian genus Megalyra^ 
one of the most interesting of the numerous extraordinary Insect- 
forms found in that region ; the species appear to be very rare 
and not numerous. Apparently nothing is known as to their 
habits. It is quite possible that these Insects will prove to be 
anomalous Braconidae. 

Fam. Vin. Evaniidae. 

Petiole of the abdomen attached to the upper part of the- median 
dorsal plate ; antennae not elbowed, of thirteen or fourteen 
joints. Wings with a moderate number of nervures. lama 
of parasitic habits. . 

This family is composed of only three genera — Evania, 
Gasteruption, and Autocue, each possessing a considerable number 
of species ; they agree in the characters mentioned above, and 
^may- be readily recognised by the peculiar insertion . of the > 
hind body.. This character occurs outside the limits of ^ the 
ilvtiuiidao only in one qr two genera of Chalcididae and 
Braconidaq;' it is to this latter family that the Evaniidae must 
be considered Host closely allied. 

The ' species of the genus Evania are believed to live at 

, * Berlin mUm. ZeUvbr, xiahi- p. 197. * Bnd. 
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the expense of cockroaches (Blattidae), and to deposit th«r 
eggs in the egg-capsules of those Insects. The species of 
Gasteruptim live, in the larval state, on the larvae of other 
Hymenoptera, more especially of such as form nests in wood. 
Very little is known as to the habits of the species of 
but it is believed that they are parasitic on members of the 
Hymenopterous families, Siricidae and Oryssidaa Only the 
most meagre details as to the life history of any of the Evaniidae 
have been recorded. The species of Uvanni are met with most 
freely where cockroaches abound, and are said, hence, to be 
frequently observed on board ship. Two or three species of 
each of the two genera Emnia and Gciskrujition occur in 
Britain. The latter genus is 
more widely known under the 
name of Foenm} 

Fam; IX. Pelecinidae. 

Seices very different ; the female 
without exserted ovipositor, 
hut with extremely tony 
abdomen, Artknlatioii 
between the femur and 
trochanter oblique and. 

' elongate, but without divi- 
sion (f the trochanter. 

This family at present com- 
prises, according to Schlet- 
terer,* only the three genera 
Felecinus, Ophionellus, and 
Monovuichus, The systematic 
position of the Insects is very 
doubtful, and their habits are 
but little known. Fclecinus 
polyturator (Fig. 370) appears, 
however, in the female sex, 
to be a common Insect over a large part of the warmer regions 

^ Monograph, Schletterer, Verh, zoohAxji, Oes, Wien, xxxv. 1885, p. 267, etc. ; 
xxxti, 1886, p. 1, etc. ; and Ann, ffo/mus, Wien, iv. pp. 107, etc. 

^ Berlin, erdom, ZeitechT, xxxiiL 1889, p. 197. 
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of the New World ; it is in all probalnlity parasitic in its halnts, 
the elongate ovipositor of the female Ichneumon being in this 
Insect replaced by an extraordinary linear extension of the abdo> 
men itself. Doubleday has recorded that he saw twenty or 
thirty specimens of this species that had perished with their 
elongated hind bodies inserted into the stem of a tree, from 
which they could not extricate themselves. On the other hand, 
Patton thinks they are parasitic on locusts.^ 

The male in Pdedvm has the proportions of the parts of 
the body ncwmal, there being no elongation of the abdomen ; it 
thus differs very much in appearance from the female. There 
seems to be very little to distinguish Pdecinvs from Procto* 
trypidae. The undivided trochanters have led to these Insects 
being placed, by some, among the Aculeate Hymenoptera. This 
character, as we .have already shown, occurs also in Procto- 
trypidae. 


Fam. X. Trigonalidae. 

Abdomen ovate, not s^arated by a pedied from the thorax. 
Antennae twenty-five-jointed. Trochanters imperfectly two- 
jointed. Both the anterior and posterior wings provided with 
a wdl-devdoped neuration. Abdomen composed of only five 
apparent segments. Larva (in some cases) parasitic on Aculeate 
Hymenoptera. 


This family is chiefly constituted by the very rare Insects 
contained in the genus Trigorudys, of which we have one species 

in Britain. Although, so far as appear* 
ance goes, they have little in common 
with the parasitic Hymenoptera, and 
look quite like members of the Acu- 
leate, yet the late P. Smith found a 
species in the cells of Polistes lanio,' 
thereby showing it to be of para- 
sitic habits. Although some Aculeate 
Hymenoptera are also of parasitic 
habits, yet the characters of Trigonodys 
perhaps agree, on the whole, better 
with the Hymenoptera parasitica. The British species is very 
^Amer. Ifal. xxviil. 1894, p. 896. See aleo Forbes, Int. lUinoit, six. 1896, p. 79. 



Flo. 871. — THgowAv* maeuli- 
frona Cam. it. Mexico. 
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rare. The South American genus, Nomadi'm, looks still more like 
a bee, and the trochanters are even more imperfectly divided 
than they are in some of the Aculeate group, Kyssonides, the 
outer portion being merely a small piece imperfectly separated 
from the base of the femur. 


Note . — ^The citation of Saint Augustine on p. 85 is made in the words 
used by Wasmann in Der Trichterwickler^ eine naturwmenscha/tliche Studie 
iiber den Thierimtiinkt^ 1884. 

The authenticity of the passage we have adopted as the motto for this 
volume is somewhat doubtful. It is explained in an ^ admonitio ad lectorem ** 
of the soliloquy, that this work is probably a compilation by a later writer, 
from two, or more, works of Saint Augustine. Father Wasniann has been so 
kind as to inform the writer that the idea of the passage quoted occurs 
frequently in the undoubted works of the Saint, as, for instance, de Civitate 
Dei, lib. xi. cap. 22 ; Serm. ccxiii. in traditione symbol! II. cap. i. ; contra 
Faiistum, lib. xxi. cap. v. etc. The passage quoted is, however, the only one 
in which “ angeli ’’ and vermiculi ” are associated. 
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Abdomen, 109 ; of Hymenoptera, 492 f. 

Abdominal appendages, 188, 189, 190 

Acanthet'peMeSf 74, 70, 80 

Accessory glands, 393, 404 

Acheta, 330, 338 

AchanUes murorum, 194 

Acini, 126 

Acoustic orifice, 317 

Acridiidae, 201, 279-310, 309 

Acridiides, 8t0 

Acridium petegrinum, 298 ; growth, 186 ; 

at sea, 297 — see also SchUtocerca 
Acrophyllides, 278 
Aciileata, 620 

Aculeates and Proctotrypids, 535, 564 
Adler, on alternation of generations, 530 ; 

on galls, 526 f. ; on useless males, 498 
Aeachna, cyanea, 412 ; A, grandis, labium, 
411 ; nymph, 420, 421 
Aeschninae, 

Agaonides, 647 
Agatheniera, 274, 276 
Agrion nymph, 426 
Agrion ptUMlum, 412 
Agrioninae, 412, 426 
Agriotypides, 667 
Agriotypus armttua, 667 
Air sacs, 128, 282, 283, 294, 495 
AUtpUia eaDcisuHf 637 ; A.ifiismilwt, 638 
Alar organs, of earwigs, 206 ; of Blattidae, 
225 ; of hlantidae, 245 ; of Phasmidae, 
269 ; of Acridiidae, <881 development 
,of, in eanvigs, 212; in Mantidae, 243 
-;-seo also Tegmifia) Wings, Elytra 
Alary muscle^, 134 

Albarda on ItgpbidiidOa, W « v> 

Alder flies, 444 

AleufopUryx, 4^i\ t , ♦ 

Alimentary cainal, l2b-127/4((3f ^6 ; of 
may-flies, 438 of Pemorpd, 450; 
closed, 457, 466, 496,^544 


Alitrunk, 489 f., 490, 492 

AUoea, 601 

Alternation of generations, 497, 530 
Amber, Myriapods in, 74, 76, 77 ; Insects, 
179 ; Aptera, 196 ; Blattidae, 239 ; 
Mantidae, 258 ; Phasmidae, 276 ; Pso- 
cidne, 397 ; Perlidae, 407 ; Phryganeidae, 
485 ; Teuthredinidae, 518 ; Oynipidoe, 
533 

Atiibuo, 40 
Ainefes, 245 
Ametabola, 158, 174 
Amnion, 148, 545 
Amnios, 291 

Amorphoscelides, 251, 269 
AmorjihosedU anmilicortm, 251 
Amphibiotica, 342 
AmphieiftUmum paradoxim, 397 
Ampvlex, abdomen, 492 
Ampulla, 290 
Amyliapes, 76, 80 

Anabolia furcata, mouth-parts, 476 ; A, 
nervoaa, lapro, 476 
An4d)Tua purlmroMeM, 321 
.1 mplecta azteca, folded wing, 227 
Anaplectiuae, 240 

Anatomy se^ External Structure and 
Internal Anatomy 
ArKKc/ormmia, 410, 414 
Anderson, Hr, J., on Gmigyhts, 254 
Anechura scabriuscula, 208 
AnisolaUa maritma, 206 ; A. moeata, 206 > 
A, tasnianica, 816 
AnUonurrpka piirdolina, 274 
Anisomorphides, 278 

Auisopteridesi 412, 4^4^ 420 ; nymphs, 
421 

Anomtdmi, metamorphosis, 662 
Anm^opiarpx, 484 
Anaatoatoma anatralaaiae, 826 
Angura, 190 ’ 
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Ant, brain, 119; nervous system, 499; 
castes, 500 

Ant destroyer, 545, < 559 
Ante-clypeiis, 98 
Antennae, 97 ; growth of, 212 
Anthophora retusa^ parasites of, 544, 545 
AiUhophorabia retxisa^ 545 
Ant-lions, 458, 454 
Anurida maritimaf 194, 195 
Aorta, 138. 134 
Apanteles ghmeratus^ 661 
Apatania, 481 ; A, arctica; A, multebris, 
481 

Apex, 112 
Aphilothrir-f 581 
Apocrita, 519 
Apodeme, 108 
Apophysis, 108, 520 
Appendages, 91, 188, 189, 190 
Aptera, 172, 76*0-189 
Apterous Insects, 205, 216, 217, 220, 234, 
280, 252, 261, 262, 264, 269, 272, 274, 
277, 299, 302, 303, 307, 321, 822, 823, 
324, 325, 326, 329, 518, 656, 561— see 
also Wingless Insects 
Apter}'gogenea, 175, 196 
Aquatic Acridiidae, 301, 303 ; Aq. Hymcii- 
optera, 538, 557 ; Aq. Phasmids, 272 
Arachnides antennistes, 77 
Archidesmidae, 76 
ArchidesmM, 76 
Arch^ulidae, 76 
Archipolypoda, 74, 76 
Arolium, 105, 223 
Arrhenotoky, 141, 49$ 

Arthromeres, 87 

Arumatia ftnilay anatomy, 262 

Ascalaphides, 459^ f. 

Aacidaphus coccajua^ 460 ; A. longicornUf 
459 ; A, macaronias, 4C0 ; eggs, 460 
Aschipasma 268, 266 

Aschipasmides, 278 

Ashmead, on Mymarides, 537 ; on Procto- 
trypids, 537 ; on SSderodenmt 586 
Astrovmt 800 
Asymmetry, 216 

Athalia (eentijdiae) spimrum^ 515 
Atropinae, 394 f. 

Atropos diviiuUoria, 394 f., 896 
Atta (Oecodama) cephaloteSf 001 
Attitude, 248, 250, 256, 268, 514 
Attraction of light, 230 
Auditory organ, 400; of (Motemes^ 808 
—see also Ear 

Audouin on thorax, 100, 101 
Aulactis, 562 
Anlax^ 532 
Avicenna, 41 
Axes of l^dy, 113 

BaciTiiiDBS, 278 
Bacillus paUU^er^ 263 


Bacteria^ 276 

Bacteriides, 277 

BacVinculides, 277 

BaJHis, 433 

BailosUmna^ 196 

Ballowltz on spermatozoa, 140 

Barl)er, llrs. , on S. African locust, 294 

BarhitUtes yeraini^ 321 

Barnston on Perlidae, 402, 405 

Barriers with eggs, 461 

Base, 112 

Basement membrane, 162 

Bassett on oviposition of inquilines, 532 

Bataillon, on metamorphosis, 131, 168; 

on reversed circulation, 135 
Bates, on singing grasshopper, 319 ; on 
Termites, 375 

Bateson, on forceps of earwig, 209 ; on 
antennae of same, 212 
Batrachotettix whiti^ 305 
Bedeguar, 027, 531 
Bees killed by Locuata^ 321 
Belt on domestic cockroaches, 231 
Bermuda, 33 

Bertkau, on Paociia, 391 ; on micropteroiis 
Psocidoe, 394 
Bethylua hab;ts, 535 
Bherwa, 326 

Bird eaten by Mantia^ 250 

Bird-lice, 345, 351 

Biting-lice, 345, 351 

BittaciMt 451, 453 ; B, tipulanua^ 402 

Blahera, 235 ; wings, 287 ; B, 

222 

Blaberides, 241 
Black beetle, 221 
Blapjulidae, 44 
Blanjvhitaf 44 
Blastoderm, 147 
Blaatopkaga groaaorum^ 047 f. 

BlatUHy 240 

Bhttidae, 201^ 220-241, 240 \ parasites 
of, 568 
Blatiinae, 240 
Blind Insects, 217, 233 
Blood, 132 
Blood-gills, 479 

Blowfly, egg, 140 ; metamorphosis, 163 
Brdivar on eyes of J/ocMis, 185 
Jiombua, dorsal vessel of, 133 ; metamor- 
phosis, 497 ; B, lucorunit 488 
Bombyliidae, 291 

Bonnet and Fiuot on Eugaater, 324 
Book-lice, 390 f. 

Boreua hiamjaXia^ 401 ; larva, 453 
Boutan on concealment of leaf-like In- 
sects, 323 

Brachyscelides, 526 
Brachyatola ^naym^ 308 
Bmchytrypea whagac^halvs^ 832 
Bracoa, ^pdmionr^ 060 
Braconidae, 558 f. 
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Bradford Cave, Myriapods in, 34 
Brain, IIB, 120 ; of aiit, 119 ; of Perlidae, 
404 

Branchiae, 401, 421— see also Gills 
Brandt on nervous system, 119, 495 
Brauer, on classiilcation, 175 ; on median 
segment, 491 ; on hypermetamorphosia, 
160 ; on Menorhyncha, etc., 161 ; 04 
Aacalaphua larva, 460 ; on development 
of Mantispa^ 464 ; on Palaeodictyop- 
tera, 486 ; on Paiwrpa larva, 452 ; on 
tegmina of PhyUium^ 270 
Breitenbach on Proscopiides, 299 
Bridgman on British Ichneuinouidae, 557 
Brindley on growth of cockroach, 229 
British, Myriapods, 36 ; Orthoptera, 201 ; 
earwigs, 215 ; grasshoppers and locusts, 
308 ; crickets, 339 ; Psocidae, 395 ; 
Perlidae, 406 ; Odouata, 424 ; Sialidae, 
444, 448 ; Chrysopidea, 469 ; Trichop- 
tera, 480 ; Phytophagous Hymenoptera, 
504 ; Siricidae, 510 ; Oynipidae, 533 ; 
Ichncumonidae, 557 ; Braconidae, 561 
Brongniart, on fossil Insects, 428 ; on 
fossil Neuroptera, 343 ; on Neurop- 
teroidca, 486 ; on post-embryonic de- 
velopment of locust, 287 ; on young 
Mantia^ 247 f. 

Brongniart and Bcctpierel on chlorophyll 
^ in Phyllimif 268 
Bniner on variation of Orthoptera, 804 
Brunner, on Hypertely, 322 ; on classifica- 
tion of Orthoptera, 202 ; of Blattidae, 
240 ; of Mantidae, 259 ; of Phasmidae, 
277 ; of Acridiidae, 309 ; of Loenstidae, 
328 ; on variation of Oedipoda, 804 
Bryodemt, tuherculatUf 281 
Bngnion on histolysis, 166 ; on Encyrtuaj 
545 

Buller on Weta-punga, 326 
Burchell on MantUf 249 
Burgess on Paocua, 391 f. 

Burmeister on Mantidae, 250 
Bursa copulatrix, 130 

Caddis- VL iEs, 473 f. 

('aeciim, 125 
Caenia dimidiata^ 442 
Oalcares, 104 
Calepteryginae, 422, 426 
Caltpttryxt ^17, 420 , 422 ; its eggs’ On- 
site, 538 

Callimenides, 318, S29 
(Mlwwme hedeguaria^ 532 
Caloptenua tg^relua, 288 f., 289 , 298, 303 ; 
development, 289 

Calotermaajlavicollia, 362, 868 , 871 , 376 ; 
0, noduloiua, 859 ; C, rugoaua^ 858 , 
382, 888 

Cal volt on Odonata, 412 
Calmaia atroaigfuUa, 266, 278 
Calyx, 288 , 439 


Cameron, on ant-parasite, 545 ; on gall- 
producing plants, 527 ; on iiartlieno- 
genesis, 498, 499, 517 ; on PimpUi 
larva, 557 

Cameruiio on earwig, 211, 213 
Ctmpoiiea, 61 ; C, ataphylinua, 182, 188, 
197 

Caropodeidae, 183 
Camponotua, nerves, 495 
Cannibalism, 425, 477 
Cantharidae, 291 
Capnia rermliat 405 
Caprification, 547 f. 

Capsule of eggs, 201 — see also Egg-capsulo 
Caraphractua cinctuat 538 
Carlioniferous, Myriapods, 75, 76 ; Insect^, 
196, 238 f., 259, 276, 408, 428, 442 f., 
449 

OmUophonia larva, 90 
Cardo, 95 

Carnivorous and vegetarian, 250 
Carpenter bee wings, 494 
Carruthers on locust swarm, 292 
Case, Hymenopterous, 514 
Cases, caildis-fiy, 476 f., 480, 481, 4S8, 
488, 484, 485 
Castes, 500, 801 
Caudal branchiae, 423 
Cave, Myriai>od 8 , 34, 37 ; Insects, 197, 
451 i Locustidae, 321 ; cockroach, 282, 
233 

Cecidomytat parasites of, 536, 537 
Cenchri, 511 
Centipedes, 30, 36, 40 
Cephalocoetna lineata^ 299 
Cqihalonomia/ormici/ofmia, 536 
Gephidae, 504 f. 

Cephya integeTf 505 ; C. pygmaeuaf 508 
Cerci, 110,183, 216, 257, 337, 400 ; of Blat- 
tidae, 224, 238 
Cennatia, 85 
Ceroya aaniasima, 264 
Cervical sclerites, 99, 99, 409 
Chalcididae, 530 

Chalicodmna muraria^ nest, parasites, 
540 f. 

Changing colour, 288, 253, 267, 268 

Chaamo^i nplerua, 561 

Chatin on labnira, 93 ; on mandibles, 95 

Chaidiodea, ^7 

Cheeks, 94 

Cheimoitdbui hrutnataf parasites, 521 
Chdidura dUaJUita^ 206 
Cheshire on fertilisation of bee, 499 
ChiUupia Ivwii, 530 ; C. nUUla^ 531 
Chilian Insects, 447, 463 
Chilognatha, 80, 47, 76 ; developmc:it 

of, 63-72; stnictnre of, 52-56, 83; 
double segments, 58, 70 
Chilopoda, 30, 38, 44* 47, 52, 74, 75 ; 
structure of, 66-59 ; development of, 
70-72 
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ChHIn, 162 
OliUinogenouB cells, 162 
Chlorophyll in teginiqa, 262 
Choeradodis cancdMa^ 262 
Cholodkovsky, on. head, 87 ; on styles of 
cockroach, 224 ; on embryology of 
PhyllodrcmAOt 237 ; on inorphology of 
sling, 493 
Chordtuma^ 31 
Chordeuinidae, 44* ^4 
Chordeumoidea, 80 
Ghordotonal organs, 121 
Chorion, 144 
Chormneara, 240 
Chromosomes, 146 

Chryaopa eggs, 469 ; larva, 469 ; C. asperstt, 
470 ; C, jUtva, 469 ; C. pallida larva, 470 
Chrysopides, 400 f., 472 
Chun on rectal gills, 422 
Chyle, 133 

Chyliflc ventricle, 125, 228 
Cimhex abdomen, 493 ; abdominal articu- 
lation, 492 ; dorsal vessel, 134 ; C* ayl- 
varunif saws, 612 
Cimbicides, 611, 517 
Cinura, 182 

Circulation, 132 f. ; in caudal setae, 435 
Cladomorpiiides, 27S 
Cladonoius humhertianua, 301 
Classification, 171 f. ; of Blattidae, 240 ; 
of Mantidae, 259 ; of Phasmidae, 277 ; 
of Acridiidae, S09 ; of Locustidae, 928 ; 
ofQry]lidae.^^(7 
Claws, 105, 106 , 469 
Chitumnides, 278 

Cloaon, eyes, 480 ; C. dimidiatumt larvule, 
432 ; d dipterum, nymph, 432 ; respira- 
tion of nymph, 436 

Clothilla, 395 ; C. pulsatariot 395, 896 ; 

anatomy, 392 
Clypeus, 92 , 98 
Cockroaches, 220 
Cocoons ofsawfly, 515 
Coeloblast, 149 
Coleoptera, 173 
Collembola, 182, 189 f. 

Collophore, 193 
Colobognatha, 44 
Colour, 20Q 
Commissures, 116 
Common cocoons, 515 
Compass Termite, 386 
Cbmplementary Termites, 861 
Compound eyes, 97,430 ; (= facetted eyes) 
in Myriapods, 36 

Concealment by movement and position, 
288 ; by selection of place, 308 
Coniopterygides, 471 

Cmiopteryx lutea, 471; C. paociformU, 
471 ; O, tineiformia, 472 
Conoccphalides, 313, 327, $28 
Copiophara cornuta, 818 


CmltUegaaier, 415 ; C; annulaiiis, 415 
Cotdulegusterliiael 4^ 

Coi^uliinae, 420 
Correlative variation, 536 
Corrodentia, 175, 389 
Corrosion by Termites, 360 
Corydalia, 447 ; Q. erdsaicornia, 447 
Cofrydaloidea acuddtrU 344 
Qmydia, 221 ; C. petiveriann, 233 
Corydiides, 24 I 
Ooryna, 550 

Corynothrix bcrealis, 191 « 

Costa, 108 

Cotes on Indian locusts, 298 
Cotylosoma dipnensticum, 272 
Coxa, 88, 104 
Craapedoaoma, 70 
Crawlers, 447 
Creepers, 407 

Cretaceous Myriapods, 75 ; Insects, 485 
Creutzberg on circulation, 436 
Cricket, 330, 338 

Orioccria a&paragi, legs of larvae, 106 
Crop, 114, 124, 495 
Ctunoecia irrorata, case of, 480 
Cryptides, 557 
Cryptocerus, abdomen of, 109 
Oryptopa, 36, 41 
Crystalline cone, 98 
CucuUigeraJtexmaa, 304 
Cunningham on fig fertilisation, 549 
Cursoria (Orthoptera), 201 
Cuvier, 77 
Cyclops form, 686 

Cylindrodea campibellih 336 ; C. kochi, 336 
Cynipidae, 623 

Cynipa aciculata, 581 ; C, diaticka, 530 ; 
C,foliif 530 ; 0. kollari, 530 ; C. lijni- 
cola, 530 ; C, aponigifica, 531 
Cyphocrania aestuans, 266 
Cyprus, 32 

Cy'ftophylluac(mcavu8,Z2ii ; C. crepitans,Zll 

Dahl and Ockler on feet, 105 
D’Albertis on may-flies, 441 
Damsel-flies, 417 
Dancing may- flies, 439 f. 

Daayleptua lucaaii, 196 
Death-watch, 395 f. 

Decaux on cannibalism of mole-cricket, 336 
Deception, 250, 265 
Decoys, 257 
Decticides, 329 

De Geer on earwigs, 214 , 

Degeeriidae, 190 
IHinacrida hitaracantha, 326 
Demoiselles, 417 
Dendrdem panlkerinua, 458 
Denny on Mantia in England, 258 
Derham on death-watches, 396, 397 
Dermaptera, 202, 216 
Dexmatoptera, 202 
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Deroealymma^ 235 
Derqplatys sarawaca^ 248 
De SausBure, ou Orthoptera, 202 ; on arings 
of Blattidae^ 226 f. ; on classification 
of Gryllidae, 340 ; on Hemiinents, 217 ; 
on nomenclature of Blattidae, 240 ; on 
oceans as barriers to migration, 297 
Desert Insects, 253, 804 . 

Deuterotoky, 141, 497 f. 

Deuto-cerebron, 118 

Development, of alar organs of Platychia^ 
818 ; of crickets, 832 — see also Em- 
bryology and Metamorphosis 
Devonian, 428, 442 

Dewitz on caste, 500 ; on ovipositor of 
Locustay 314 ; on morphology of sting, 
493 ; 011 internal legs, 496 ; on develop- 
ment of wings of PhryganeMae, 479, 
480 ; on dragon-fly nymphs, 423 ; on 
Chryaopa larva, 470 
Diaphana fltberiy 826 
Dutph4!TomeTafemoratay 263, 264, 265, 267 
Diaatrophu8y 532 
Diaiduay 484 

JJiciwiota, larva, glands of, 142 
Dktyoneuray 277, 344 
Dictyopteryx microcephalay 406 ; />. aig- 
ncUOy 401 

Didoceraa eUiaiiy 515 
Digestion, 127 
Dilarina, 4^6 

Dilke, Sir Charles, 011 Orchis-like Man tia^ 
254 

Dimorphic cocoons, 560 ; males, 547, 549 

IHpUctrma^ 479 

Diploglossata, 217 

Diplopoda, 53, 74 

IHploptera ailpha folded wing, 227 

Diptera, 173 

Disgorgement, 495 

Distant on S. African locust, 298 

Ditrochous, 494, 020 

Divided eyes, 409 

Docophimi^ fuaciccllia anatomy, 848 ; 

D. icterodeay D, cygni, 849 
Dog, biting-louse of, 349 
Dohm on tracheal system of Oryllotalpay 
132 ; on embryology of Oryllotalpay 
336 

Dolichopoda pdlpaia, 822 ‘ 

Dorsal vessel, 133, 134 ; reversed action, 
435 

Dorsum, 100 
Qragon-fiies, 409 
Drakes, 441 

Drepanapteryx phataetioideay 408 , 468 ; 

wings, 468 
Drones, 499 
Dnunmers, 237 

Dubois on decapitated Mantia, 250 
Duchamp on egg-capsule of cockroach, 228 
Ductus ejaculatorius, 140 


Dudley and Beaumont onjlcrnutes, 872, 
387 

Dnfour, on alimentary canal, 124 ; on tra- 
cheal system, 120 ; on air sacs of Acri- 
diidae, 283 ; on sexual organs, 188, 
139 ; on testes, 140 ; on phonation, 
286 ; on TridcKtylua, 338 ; on Maii- 
tidae, 246 ; ou earwigs, 210 ; ou ana- 
tomy of cockroach, 228 ; on anatomy of 
Oryllotalpay 335 ; on anatomy of Ter- 
mites, 360 ; on anatomy of PanorpOy 
450 ; Oh larva of Sialia, 446 ; ou Myrme^ 
leon larva, 458 
Dims, 441 
Dust-lice, 390 f. 

Dwellings of Termites, 385 f. 

Dytiacusy mesothorax, 101 ; egg- tube, 138, 
139 

Dzierzon theory, 499 

Ear, 101, 121 ; of Acridiidae, 285 f., 286 ; 
of Locustidae, 316 f., 816, 317 ; of 
crickets, 332 ; of Oryllutalpoy 883, 334 
Earliest Insect, 238 

Earwig, 202 f., 211, 213, 214; forceps, 
208 f., 209 ; wing, 206 ; the iiaine, 214 
Eaton, on nymph, 157 ; on Ephemeridae, 
435, 437, 440 

Ecdysis, 156, 162 ; nature of, 169 
EcUMoy 236 ; A, lapp&idcay egg-capsule, 220 
Kctobiides, 340 
Ectoblast, 149 

Ectoderm, 148 : of Peripatuay2^ f., 22 
Ectognathi, 189 
Ectotrophi, 189 

fjggs, 143-145 ; oi Peri.pat\iay 19 ; ofMyria- 
jiods, 38, 39, 64 ; of Aaeala 2 )hmy 460; 
growing, 513 ; of parasites, 552 ; of egg- 
parasites, 545 ; of CorydcdiSyW ; ofCyni- 
pidae, 528 ; of Limacodesy 108 ; of Mallo- 
phaga, 348 ; of Microcentruviy 814 ; of Phas- 
midae, 266, 270 f., 270 ; of Pcrloy 404 ; 
of Sialiay 446 ; of Trichoptera, 476 
Egg-capsule, 265, 290 ; of Phylliuviy histo- 
logy, 271 

Egg-parasites, 522, 536, 638 
Egg-tubes, 137i 189, 392— -see also Ovaries 
EUaticuay 76\ 80 

Eisig on chitiuous excretion, 130, 163 

Ejaculatory duct, 392, 414 

flection ot fluid, 264, 824, 399, 515 

Elaamoaomoy 559 

Elater larva, 29 

EHpaocua hreviatyluay 898 

Elytra, 108 

Embioy 852t 353 

Rmbidopaoc^iSy 395 

Embiidae, 351, 395 

Embryology, 145-153 ; of Peripatuay 19 f. ; 
of Myriapods, 63 f. ; of parasites, 522 ; 
of earwig, 216 ; of Dlattidae, 237 ; of 
E'ticjMitay 646 ; of OryUoUdpoy 836 ; of 
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Fdynma^ 538 ; of Smicm^ 545 ; of 
Proctoirypidoe, 536 f. 

Emergence iVom e^, 263, 264, 290,291, 813 
Emp^ium, 105 
Empusa paupemU^ 240 , 257 
Empusides, 259 

Kncyrtua fuscicollia development, 545 
Endoblast, 149 

Endoderm, 148 ; of Peripaiua^ 20 f., 22 
Endolabium, 97 
Eiido-skeleton, 390 
Eneopterides, S40 

Enock on Alaptiis and Garaphracins^ 538 

Enokyla pustfln, 481 

Entognathi, l89 

Entomology, 86 

Entothorax, 103 , 114 , 116 

Entotrophi, 189 

Eocene, 407 

Eoperipatust 24 n» 

EoHcolopendridae, 80 

Ephemera, 434 ; E, daniea, 429 , 441 ; 

wing, 481 ; E, mdgata, 441 ; nympli, 433 
Ephemeridae, 4^d-448 
Ephippigera Malpighian tubea, 335 ; E, 
rugosicoHia, 823 
Ephippigerides, 318, 329 
Epiblast, 65, 149 
Epicraninm, 92 , 98 , 93 
Epidemea, 107 
Epilamprides, 24O 
Epimeron, 100, 101, 104 
Epistemuiii, 88 , 100, 101, 104 
Epiatome, 92 

Epithelium of stomach, 126 

Eremiaphila, 243, 253 ; E, turdea, 208 

Eremobiens, 304 

ErMfiihiia, 801 - 

Erichson on Neuroptera, 342 

Erne on Rhyam, 554 

EtoblattirML manebachenaia, 288 , 289 

Eucharia myrmeciae, 545 

Euchroma, head and neck 99 

Encorybaa, 37 

Eugaater gnyonif 324 

Eitgcreon hockingi, 486 

Eumegalodon Uanchardi, 827 

Euinegalodonidae, 327 

Enorthoptera, 216 

Euphaea, 422 

Euphcbeda, 76, 80 

Eiiphobeiiidae, 73, 76 

Eteprepocnetnia plorans^ 303 

Enrycantha atistralia, 274 

Eurypauropidae, 47 

Enrytania abrotani, 089 

Euathenia ipectabilia, 407 

Eutermes, 874 ; E. tipperti, 388 

Euthyrhapha, 226 

Evania, 662 

Evaniidae, 662 

Exner on sight, 416 


Exodus, locust of the book o( 298 
Ex^ertile blood-sacs, 182 
External parasite, 555 
External sttrueture, 87 ; diagram, 08 ; of 
earwigs, 208 f. ; of cockroaches, 221 ; 
of Mantidae, 242 f. ; of Phasmidae, 
260 t ; of Aoridiidae, 280 f.; of Odou- 
ata, 409 f. ; of Ephemeridae, 430 f. ; of 
Panorpa, 450 ; of Phryganeidae, 474 ; 
of Hymenoptera, ' 489 f. ; of Tenthre- 
dinidac; 511 

Eyes, 97— see also Compound Eyes and 
Ocelli 

Faurb on J^tieoapia, 540; on Afonodon- 
iomerua, 543 ; on Sirex, 509 
Facetted eyes — see Compound Eyes 
Family, 177 
Fasting, 448, 458 
Fat-body, 136 

Feeding, by Termites, 376 ; young, 495 
Femur, 88 , 104 
Fenestra, 221 

Fenestrate membrane, of eye, 98 ; of peri- 
cardium, 134 

Fertilisation, 499 ; of fig, 549 
Field-cricket, 332 
Fields of wings, 206 
Fig-Insects, 547 f. 

Figitides, 626 
Finot on Japyx, 196 
Fire-brats, 186 ' 

Fischer on instars, 158 
Fish destroyed, 425 
Fletcher on parthenogenesis, 498 
Flight, 416 

Floral simulators, 254 f. 

Flying-machine, model for, 417 
Foentia, 563 

Foetus of Ilmimerua, 218 
Foramen, occipital, 92 , 94 
Forbes on Blattiil, 235 
Forceps of earwigs, 208, 209 
Forel on nervous system of ant, 490 
FtyrJU^vla aurkularia, 202 f., 204 , 209 , 
211 ; F» gigayiUa, 210 
Forficulidae, 201, 202 
Formica-leo, 456 
Formicajo, 456 
Formicario, 456 

Fossil, Insects, 178, 472, 485, 486 ; Acri- 
diidae, 308 ; Blattidae, 238 ; cricket, 
340 ; dragon-flies, 427 ; earwigs, 216 ; 
Locustidae, 328 ; Mantidae, 258 ; may- 
flies, 442, 443 ; Phasmidae, 276 ; 
Pauorpidae, 458 ; Perlidoe, 407 ; Siali- 
dae, 449 ; Termites, 889 ; Thysanura, 
196 ; Myriapods, 72 f.; Palaeosoic Neu- 
roptera, 343 

Founding communities, 381 
Fourmilions, 456 
Fowl, biting-louse of, 350 
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Fritze on Ephemorid alimentary canal, 489 
Frons, 94 

Front wings absent, 260 f. 

Fungus chambers, 887 
Fungus-growing Termites, 885, 387 
Funiculus, 492 
Furca, 108 

Furcal orifices, 399, 408 

OAtiAPAOOS Islands, 450 
Galea, 95 
Gall-flies, 528 f. 

Galls, 514 f. ; nature of, 525 f., 533 
Ganglia, 116 

Ganin, on metamorphosis, 162 ; on embry- 
ology, 536 f., 538 
Oasteruptimi^ 

Gena, 94 

Geophilidae, 46, 58, 7i 

(/eopkUus, 33, 36, 89, 16 ; marine, 30 ; 

phosphorescent, 34 
Geoscapheusides, ^4^ 

Gerascutigeridae, 80 
Qerephetmra simplex, 428 
Gerstaecker, on Neuroptera, 343 ; on 
mouth of Odoiiata, 411 
Giebel on Mallophaga, 347 
Gigantic Insects, 276, 806, 428 
Gilbert White, on mole-cricket, 333 ; on 
field-cricket, 339 

Gills, 182, 400 , 421, 432 f., 478; jointed, 445, 
446 , 467 ; fllHineiitous, 476 ; spongy, 
447 ; prothoracic, 443 ; of pupa, 483 ; 
on imago, 401, 479 ; blood-gills, 479 
Giraud on Cynipid oviposition, 528 
Gizzard, 124, 125 
Glacier water, 405 
Glandc s4bitlque, 139 
Glands, 139, 142 ; conglobate, 229 ; maxil- 
lary, 408 ; mushroom, 258 — see also 
Salivary Glands 

Olandulae odoriferae, 31, 36, 54 
Glomeridae, 46, 76, 80 
Glomeridesmidae, 80 
Olomeris, 33, 48 , 52 
Gnathites, 94, 97 
Golden-eyes, 469 
Goldi on eggs of Phasmidae, 265 
Gomphinae, 4^6 
Oomphocerus, 308 
Oomphtis, 415 
Gonapophysis, 110 
(longylus gongyloidea, 254 f., 800 
(b)sch on me(lian segment, 491 
Goureau on MicrogaaUr, 660 
Graber, on dorsal vessel, 184 ; on blood 
cells, 137 ; on embryology, 148-151 ; 
on ears, 286 ; on ears of Locustidae, 
316, 817 ; on chordotonal organs, 121 ; 
on blood, 133 ; on phoiiation of Stem^ 
boihrua, 284 ; on Platydm, 818 
Grassi, on Myriapodo, 47 ; on Campodea, 


163 ; ou Emhin, 353 ; on Termitidae, 
361 f. 

Grassi and Bovelli on Tliysannra, 182 
Green grasshoppers, 311 
Green, Mr. Staniforth, on JielicomitUM 
larva, 461 

Oromphadorhbia portentom, 886 

Grosse on Mallophaga, 346 

Growth of wings, 393 ; of Mantidae, 248 

Gryllacrides, 8Z*0 

Gryllidae, 201, 330-340, S40 

Gryllidcs, S40 

Oi'yllotalpa, 332 ; dorsal vessel, 134 : 
Malpighian tubes, 127 ; tracheal system, 
132 

Gryllotalpides, S 40 • 

Oryllux, head, 93 ; (7. campestris^ 332, 
339 ; G. domesUcus, 330 , 338 
Guilding on Ulula, 461 
Giila, 88 , 93 
GjTi cerebrales, 119 
Gyropus, 360 

Haase on abdominal appendages, 189, 
192 

Haemocoele, 88, 23 

Hagen, on segments, 88 ; on wing-rudi- 
ments, 395 ; on respiration of iinnmtnre 
dragon-fly, 423 f. ; on larvae of Ascnla- 
phhies, 460 ; on amber Psocidae, 397 ; 
on Plntephmem, 428; on Perlidae, 
401 ; on Psocidae, 393 f. ; on Termites, 
360 f. 

Ifaldmanella, 308 
Halesus guttatipennis, 473 
Haliday on Heihylus, 535 
Halobaies, 83 
Halteres, 108 

Hansen on J/emimeriis, 217 
JIaplogenius, 461 
Haplophlebiim, 34.5 
Haplopus grayi, egg, 865 
Harpagides, 250 
Ilarpalm ctdiginostis, lieatl, 98 
Jfarpnx ocellairt, 263 ; If, variegfitm, 844 
Harrington on Oryssvs, 507 
Harris on Katydids' music, 320 
Hart on forms of Aftn, 501 
Hartig on gall-flies, 530 
Harvesting Termites, 383 
Harvey ou metamorphosis, 168 
Hatchett Jackson on ecdy.-is,. 162; on 
oviduct of Lepidoptera, 139 
Haustellatn, 94 
Haustellnin, 476 

Haviland on Termites, 368, 373, 384 
Hawaiian Islands, 354, 395, 425, 471 
Head, 92-94 
Heart, 133 
Heat, 131 

Helicoviitvs inamvlans, 460 , 481 
Jielkopsychii shuitlewortki, cases of, 488 



S74 


PERIPATUS — MYRIAPODA — INSECTA 


HellgrammlteHi 447 
Uelmintliomorpha, 80 
Helorm awmolipe^^ 584 
Hemerobiidae, ^58 f. 

Hetnerobiides, f. 

Hemerobiina, 472 

Hemrtjbiua larva, 467 

ffemickroa rufa^ 498 

Hemimeridae, 201^ 217 

Heminierus hanaenif 217 ; foetus of, 218 ; 

H. ialpoUitSt 218 
Hemimetabola, 158 
Hemiptera, 17S 
Hemiteles^ 556 

Henking on embryology, 145 
Henneguy on egg-capsule of PhyUmm^ 
271 ; on embryology of SmicrOt 545 
Heptagenuif 440 ; II, Imgimuda^ 487 
Hessian-fly, parasites, 537 
lleterogamicLi 222 ; //. aegyptiaeay 220 ; 

egg-capsule, 220 
Heteronietabola, 158 
Heteroniorpha, 158 
Heteropht^ia didoeata^ 427 
Htleropteryx grayi^ 262 
Hetrodides, 329 
Hexapoda, 86 

Heymous ou earwig embryology, 216 

Hind body, 109 

Hind wings absent, 429 

Histoblasts, 167 

Histogenesis, 165 

Histolysis, 165, 166 

IIoAxittrints japonicua, 388 ; H, havi- 
landi, 884 ; IL moasamhicua^ 856 ; H, 
brunneicoi^nia^ 859 ; II, ottadric^ia. 
371 

Hoffbauer ou elytra, 108 
Ilolocompaa^ 226, 235 
Holonietabola, 158 
Holopbthalini, 4^9 
Hoiiioiiiorpha, 158 
Hooks for wings, 494 
Hoplolophiii 808 

Hose, 393 

Howard, ou pupation of Chalci<lidae, 550 ; 

oil Hydropayche, 483 
Hubbard anil Hagen on Termites, 388 
Humlioldt, 31 
Humpback, 445 

Huxley, ou head, 87 ; ou cervical sclerites, 
99 

llydropaychet 479 
Hydropsychidei, 482; larva, 488 
JlydroptUa angtistdla, 474 ; H, macl^ich* 
lanif larva, 484 
Hydroptilides, 4^4 
liylotoma roane, 513 
Hyiiieiioptera, 487-565 
flymenoptera phytophagn, 603 f. 
IlyiMHopua hicttrnia, 253 
liyperetean 395, 397 


Hypermetamorphosis, 158, 159 , 465, 540, 
552, 557 

Hyperparasitism, 521 
Hypertely, 323 
Hypnoma amoena, 284 
Hypoblast, 65, 149 
Hypocephodua^ 99 
Ilypochryaaf 470 
Hypodermis, 162, 480 
Hypoglottis, 96 

HypomTimUa cogmidhx^ parasite of, 545 
Hypopharynx, 96 — see also Lingua 

ICHNKUMONSS ADSOlTIt 569 
Ichneumon-flies, 265, 631 ; uninjurious 
264 ; supplementary, 558 
Ichneumottidae, 551-556 
Ichneumonldes, 667 
IctinuSt 419 
Ilyodta^ 80 

Imagiual, discs, 165, 166 ; folds, 165 
Imago, 157 
Imbrications 493 
Imhof on i*cr/a, 408 f. 

Inaequipalpia, 480 
ludnsial limestone, 485 
Infra-oesophageal ganglion, 11 
Inner margin of wing, 108 
Immllirit 447 

Inquilines, 373, 524, 531, 583 
Insects, definition, 86 
Instar, 155, 158 
Instinct of Leiicoapia, 541 
Integument, 162 

Internal anatomy, 186 f. ; of Acridiidae, 
282 f. ; of earwigs, 210 ; of (hyUotalpa^ 
335 ; of Hymenoptera, 494 ; of Libel- 
Inla, 414 ; of Mantidae, 246 ; of Myr- 
ineleon larva, 457, 458 ; of Odonata, 
414 ; of Stylopyga arientalia, 228 ; of 
Phasmidae, 262 ; of Raphidia, 448 ; of 
Sialia larva, 446 ; of Thysanura, 187 f. 
Intestine, 114 , 124 
Involucruin alarum, 206 
Iris oratoria^ 248 
laogenna niibeculaf 405, 406 
laopteryXf 400 
lavaomUf 546 
laotonuif 190 

Jamaica, 388 
Japygidae, 184 

«/i7j»y»;,abilomen of, 109 ; Laolifitgua, 184, 1 96 
Jhering, Von, ou Termites, 387 
Joint, 105 t 

Joint- worms, 546 

Joly on Epbemeridae, 481 ; on anatomy 
of PhyUinm, 262 
Julidae, 34, 48. 71, 78, 77 
Juloidea, ^ 

Julopiaia. 74 

Julua. 36-39, 52 ; J, nemorenaia. 48 ; J, 
terreatria^ 37, - 70, 77; breeding, 87; 
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development, 66-69 ; heart, 60 ; ovum, 
68, 66 ; eye, 69 
Jurassic, 216, 259, 407, 442 
J urine on pieces at base of wing, 102 

Kampecaris, 76 
Karabidion, 274 
Katydids, 319, 820 
King, 361, 378 

Klapalek, on Tricliopterous Inrvae, 484 f. ; 

on AgriotyjmSf 657 
Knee, 104 
Koch, 42 

Koestler on stomatogastric nerves, 120 
Kolbe, on entothorax, 108 ; ou wings of 
Psocidae, 394 
Kollar on Sirex, 509 

Korotneff on embryology of GryUotalpa^ 
336 

Korschelt ou egg- tubes, 133 
Korschelt and Ueider on regenerative 
tissue, 167 

Kowalevsky, on phagocytes, 166; on re- 
generative tissue, 167 ; on bee embryo, 
496 

Kradibia emmni^ 549 
Kranoher on stigmata, 111 
Krawkow on ohitin, 162 
Kulagin, on embryology, 637 ; of Encyrtus^ 
545 

Kiinckel d'Herculais, on histoblasts, 167 ; 
on emergence of Stfiuronotus^ 290 

/Aibia minor f 214 

LahUJum riparia^ 210, 211, 214, 215 
l^abium, 95 ; of Odouata, 410, 411 ; of 
O. larva, 420 

Laboulbene, on Anurida nwritimat 194 ; 

on Perht, 399 
Labi'uni, 93, 93 
Lacewiiig ilics, 453, 469 
Lachesilla^ 395 
Locinia, 95 
Lnemoltothrimn, 347 
fjamarck, 77 

Lamina , 811 bgenitalis, 224 ; supra-aiialis, 224 
Landois on stigmata. 111 
Langnette, 96 
Laiikester, 40 

Larva, 157 ; (re'jting-larva), 164 ; oldest, 449 

Larvule, 431, 482 

Latreille, 30 

Latreille*8 segment, 491 

l^atzel, 42, 77 

LatzeliOy 80 

Leach, 30, 77 

Lead, eating, 510 

Leaf-Insects, 260 

Legs, 104 ; internal, 496 ; four only, 649 ; 
of larvae, 106, 110 

Lendenfeld, on dragon-flies, 416, 417 ; on 
muscles of dragon-fly, 116 


Lens, 98 

Lepido{)tera, 173 

Lepi^miiy 166, 196 ; X. aacchaniuiy 186 ; X. 

niveo-fasdata^ 196 
Lepismidae, 1S5 
Leptocerides 482 
Leptophlehia cupida, 430 
Lesp^s on Caloiemies^ 864 
I^euckart on micropyle apparatus, 145 
Leucocytes, 137 

Le^icospis gigast 040 ; larA^a, egg, 642 ; 
habits, 540 f. 

Lewis, Geo., on luminous may-fly, 442 
Lewis on Pergci^ 518 

Leydig, on brain, 119, 120 ; on Malpighian 
tubes of Gryllotalpa^ 335 ; on ovaries, 
137, 142 ; on glands, 142 
Lias, 216, 239, 840, 427, 428, 453, 485, 503 
JAbdUigo caligata^ 413 
Lihellula quadriinaculata, 411, 425 
Libelliilidae, 409 
Libelluliuae, 416, 4^0 
Lichens, resemblance to, 253 
Lubiartl on oesophageal ring, 118 
Light, attraction of, 441 
Ligula, 96 

Lilies and dragon-flies, 426 
jAinacodes egg, 158 
Limacomorpha, 80 
Limuophilides, 431 
Lingua, 96, 96, 391, 411, 420, 437 
Linnaeus quoted, 84 

Liotheides 316, 3o0 

JApeurics helerwjraphtiSf 346; X. Uicillus, 
347 ; X. tematus^ 349 
Lipura h\trmeiater% 190 ; X, 194 

Lipuridae, 190 

Liquid emitted, 264, 324, 399, 515 
JJssonoUi aetosa, 551 
Lithobiidae, 70, 75 
Lithobiua^ 32, 36-39, 41, 45, 58 ; breeding, 
38 ; structure, 48, 49, 57 
Lithomantia^ 259 ; X. cadmiaria^ 344 
Lwnata^ ovipositor, <leve1opnient and stnic- 
tnre, 815 ; X. viridiaaitm^ 318, 819, 321, 
324, 327 

Lociistidae, 201, Jii-329, 328 
Loenstides 320 

Locusts, 291 f. ; of the Bible, 298 ; in 
England, 299 ; swarms, 292-299 ; eggs, 
292 

Loew on anatomy of Panorpa, 450 ; of 
Tiaphidia^ 448 

Louchwlfia duirenbodif egf, 265 ; X. ncma- 
(odea, 260, 261 
Lonchodides, 277 

Longevity, 377, 429, 438 ; of cockroach, 
229 

Lupitphna cocophagiiSt 264 
Lophyrua jnni, 511 
Low on Coniqpteryx, 471, 472 
Liiw, F., ou snow Insects, 194 
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Lowne, on embryonic segmentst 151 > on 
interment, 162 ; on stigmata, 111 ; on 
respiration, 180 

Lubbock, Sir John, on Pawropui^ 62 ; on 
aquatic Hymenoptera, 688 ; on auditory 
organa, 121 ; on sense organs, 128 ; on 
respiration, 180 ; on stadia, 166 ; on 
482, 437 ; on CoUembola, 192 ; 
on Insect intelligence, 487 
Lucas on mouth-parts of lYicboptera, 475 
Luminous may-flies, 442 . 

Lycaenidoe, eggs, 144 
Lyonnet on muscles, 116 
Lysiopetalidae, 76 

BdAOHILIOAK, 184 

MoMlis 188 ; if. polypoda^ 184 

478 

Bdalacopoda, 77 
Malloph^a, 342^ ^^-860 
Klalpighi on galls, 626 
Bdalpighlan tubes, 114 , 124 , 127, 187, 
368, 360, 302, 408 , 414, 421 , 448, 467, 
408 ; of Qryllotalpa^ 885 ; ol Ephippigera^ 
336 ; of MarUist 216 ; of Myriapods, 
48 

Malta, Myriapods at, 35 
Mandibles, 94, 90 ; absent, 474, 476 
Mandibulata, 94 
Manticontf 304 
Mantidae, 201y 242-2^, 250 
Mantides, 250 

Mantis^ immature tegmina, 248 ; parasite, 
646 ; M. rdigiom, 246, 247, 268 
Mantispa areolaris^ 468 ; M. styriaca larva, 

464 

Mantispides, 4^3 f. 

Mantoida luteola^ 201 
Marchal on Malpighian tubes, 127 
Marine Myriapods, 30 
Marshall, on Apantdes cocoons, 060 ; on 
Braconidae, 661 
Mask, 420 
Mastacides, 301, 300 
Mdstax guttatuSf 301 
Maternal care, 214, 336, 617 
Maxilla, 95, 96 ; of Odonata, 411 ; absent, 
190 

May-flies, 429 ; number of, 442 
Mayer, on Apterygogeuea, 196 ; on capri- 
flcation, 047 , 548 
Mazou Creek, Myriapods at, 76 
MHJoy on variation of ocelli, 267 
M^Lachlan, on Ascalaphides, 459 ; on 
OUgoUnna^ 354 ; on Psocidae, 896; on 
Trichoptera, 480 f. 

Mecaptera, 174% 463 
Mechanism of flight, 416 
Meciatogastert 412 
Meconmn varimn^ 321 
Moconemides, 328 
Mecopoda^ 319 


Mecopodides, 328 
MeposUthua groaaua^ 260 , 299, 808 
Median plate, 604, 606, 607, 612 
Median segment, 109, 400 , 491 
MegaehUe^ nervous system, 496 
Megalddatta rvfipea^ 235 
Megalomua hirtus, 468 
Megalyra, 502 
Megalyridae, 562 
Megamura inonyi, 428 
Megasecopterides, 344 
Megadigmua^ 647 

Meinert, on earwigs, 210, 211, 212 ; on 
Myrmdeon larva, 467 ; on stink-glands, 
210 

MdittobUii 646 

Melliss on Termite of St. Helena, 389 
Melnikow on eggs of Mallophago, 348 
Membranule, 418 
Menognatha, 161 

Menop(yi\, lewostomum^ 348 ; M, pallidum^ 

800 

Meiiorhyncha, 161 
Mentiim, 90 , 96, 96 
Mesoblast, 20, 65, 149 
Mesoderm, 20, 149 

Mesonotum, 80 * 

Mesopaocus unipunctatua, 304 
Mesothoracic spiracle, 491 
Mesothorax, 101 
Mesozoic, 309, 449, 48.^> 

Metabola, 158, 174 
Metagnatha, 161 

Metamorphosis, 153-170 ; of Hymenoptera, 
497 ; of nervous system, 495 f. 
Metanotum, 88 
Metapodeon, 491 

Methoiie, 200 ; M, anderaaoni, 805 , 806 
Miall, on imagiual discs, 165, 167 ; on 
unicellular glands, 142 
Miall and Denny, on pericardial tissue, 
185 ; on epithelium of stomach, 126 ; 
on 8{)eTmatheca of cockroach, 228 ; on 
stigmata, 111 ; on stomato-gastric nerves, 
120 

Miamia btmaoni^ 449 
Mwrocmtrum retiMm^ 313, 814 , 820 
MicTogaatery 559 ; J/. fulvipea^ 560 ; M, 
globatua, 560 

Micropterisiu, 339, 394, 405 f., 484 
Micropyle, 145 ; apparatus, 404 
Migration, 293, 425 
Migratory locusts, 292, 297 
Millepieds, 41 
Millipedes, 30, 40, 41 . 

Miocene, 216, 258, 407 
Mdanim anguatata^ mandibles 6f pupa, 
477 

Mole-cricket, 333 ; leg, 883 
Moniez on AnitriUa maritima, 194 
Monodontomeruat 532 ; Jf. cupreiia, 543 ; 
M» nitidua, 544 
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Mononmcfi-us, 563 
Mouomorphio ant, 408 
Motfotrochous trochanters), 494, 520, 564, 
565 

Mordella eye, 98 
Monnolmoidea artiaulatus, 449 
Morton, on gills of Trichoptera, 483 ; on 
PerlMae, 406 
Monlt, 156 

Moulting, 437 ; of exteriml parasite, 556 
Mouth-parts, ofdragou-tly, 411 ; of dragon- 
fly nymph, 420 ; atrophied, 430 
MtiUer, Fritz, on caddls-Hies, 482 f.; on 
flg-Insects, 549 ; on Termites, 358, 360, 
374, 381, 382 

Miiller, J., on anatomy of Phasinidoe, 262 
Murray, on PhyUium scythe^ 263 ; on 
post-embryonic development of Orthop- 
tera, 265 

Musca^ melainoridiosis, 163, 167 
Muscles, 115 

Music, of Loeusl^iy 318 ; of Tauana, 319 ; 

of Katydids, 31 9 -see also Phonatiou 
Mylacridae, 239 
Myinarides, 537 , 538 
Myoblast, 149 

Myriapoda, 27, 74 ; definition, 29 ; as 

fooil, 31 ; habits, distrilnitiou, and breed- 
ing, 29-40 ; locomotion, 40 ; names for, 
41 ; (ihissificatioii, 42^47 ; structure, 47- 
63 ; embryology, 63-72 j fossil, 72-77 ; 
afliuities, 78 
Mynnecderm, 456 
Myrinea)2thawi /allax^ 323 
Myrmecophilides, 340 
MyrnieleOy 456 

Mymid&my 456 ; M. eunipiieun, 457 ; M. 
fonnicaritiSy 455, 457 ; M, no^tmsy 457 ; 
M, pd/lu/ipenmut 456 ^ 

Myrnieleouides, 4^*4 f- 

Nasuti, 370 

yecrophihis arenariuSy 462 

Necroscides, 273 

Needham on locusts at sea, 297 

KematuSy 514 ; -V. curtupinuy 498 

Nemohiua syloestris, 339 

Semoptera UdereHy 462 ; N, lui-va, 462 

Nemopterides, 402 

Neniouray 401 ; X. glacwlisy 405 

Neoteinic Termites, 362, 380 

Nervous system, 116 

Nervurcs, 107, 108, 206 ; of Psocidae, 398 ; 

of Embiiduc, 302 ; of Teriiiitidae, 369 
Neifroptera, 172 , »7^/-485 ; N. anipliibio- 
tica, 342 ; N. planipeiinia, 342 
Neuropteroidea, 486 
Neuroterus leniicularUy 023 
Neuters, 137 

Newmairon abdomen, 491 
Newport 011 Anihiypfm-rabut, 545 ; on 
Monodontomerusy 544 ; on PaniacHSy 
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655 ; on Ptermiarcysy 399 f. ; on turnip 
sawfly, 515 

Nicolet on Smynthuridais 191 
Nietner on Psocidae, 395 
Nirmus, 346 f. 

Nitzsch,on Malloplmga, 346 f. ; on Psocidat*, 
392 

Noctieda siimmi, 232 
Nodes, 493 
Nodus, 413 
Nmnadina, 660 
Notophilidae, 4'* 

Notophilus, 40 
Notuni, 91, 100 

Nuniberofs))ecies,of Insects, 83, 171, 178 ; 
of Cephidae, 506 ; of Ohalcididae, 539 ; 
of gall-flies, 533 ; of Hyrnenoptera, 503 ; 
of Parasitica, 520 ; of lehneumonidae, 
551 ; of Odouata, 424 ; of Orthoptera, 
201 ; of eanvigs, 215 ; of cockroai!h»?s, 
236 ; of Mantidae, 258 ; of Phasiniiiae. 
272 ; of migi‘atory locusts, 297 ; of 
Perlidae, 407 ; of Psocidae, 395 ; ol 
sawfiies, 518 

Nurseries of Termites, 387 
Nuslmum on embryology, 149, 152 
Nyctiborides, 240 

Nymph, 167 ; of dragon-fly, 418, 419 , 
420 , 422 , 426 ; of Ephemeridae, 432 1'., 
432 , 433 , 434 , 480 , 486 
Nymphidina, 465, 472 
Nyssoiudes, 565 

Oak -GALLS, 527 
Occiput, 94 

Ocelli, 97, 282, 313, 400, 409, 430; 

variation in, 267, 536 
Odonata, 4 OO f. 

Odontoceruin alhiconie, case of, 480 
Cklontura aernwuduy 316 
Oecanthides, 340 
Uecanthns, 339 
Oecodovm — see Atta 
Oedipodides, 304, SOU 
Oenocytes, 137 
Oesophageal ‘*boue,” 391 
Oesophageal iiervons ring, 118, 121 
Oesophagus, 114 , 124 , 403 
Oestropsides, 432 
Oligoiicphriu, 175 

Oliyoncuria (jarmnnicti , nymph, 434 
Oliyotvma. widmeJi, 361 , 354 ; 0. miinderiti, 
302 ; 0. insidaris, 354 
I Ommatidinm, 98 
Onuseigaster vpakefieldi, 442 
Otiiscomorpha, 30 
Ontogeny, 153 
Onychophora, 4 
Oolemm, 144 
Oolitic, 239 

Ootheca of antis, 246, 247 
Ophionellua, 563 
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Ophionidea, 557 
OpuithocosMia cervipyga^ 215 
Opi&tkopatua^ 24, 24 n. 

Orders, 172 
Orientation, 112 
Origin of wings, 206 
Orl-lly, 445 

Ormerod, Miss, on importation of locu8t8,29d 
Ornament, 200, 215, 233 f., 243, 244, 
282, 302, 313, 339 
Orphania d^nticauday 321 
Orthodera ministralia, 249 
Orthoderides, 251, '2JiD 
OrthophlebUit 453 
Orthoptera, 77^, 198-340, 407 
Oryssidoe, S06 

Oryssua abietinm^ 506 ; 0. sayt, 606 
Osborn on Mmwpon^ 350 
Osmylides, 4^6 
Osmylina, 4^6 

Osmylua chryaopa^ 341 ; larva, 466 ; 0. 
ijiacitlatua^ 466 

Osten Sacken on similar gall-flies, 532 
Ostia, 48 f., 133, 435 
Oiideinans on Thysauura, 182 
Oiistalet on Odonata, 422, 423 
Outer margin of wing, 108 
Ovaries, 137, 138 ; of earwigs, 211 ; of 
Oedipoda^ 283, 284 ; of Perla^ 404 ; of 
Thysauura, 188 
Oviduct, 139, 392 

Oviposition, 229, 246, 265, 290, 291, 440 ; 
of Agriotypmt 557 ; of Cynipidae, 527 
f., Adler on, 529 ; of Kncyrliis^ 545 ; 
of lehueuiuon, 555 ; of inquiline gall- 
flies, 532 ; of AUcmiemat 321 ; of /Me- 
dnua^ 564 ; of IHviplaf 553 ; of Pwla- 
grion, 546 ; of sawflies, 513 ; of Sirex, 
509 ; of Xiphidivm, 321 
Ovipositor, 110, 552, 554 ; Cynipid, 524 ; 

of LocusCUt development, 314, 315 
Owen, Ch., 40, 78 

Oxyethira, 484 ; 0. costalia^ larva, 485 
Oxyhaloides, 234, 241 
Oxyura, 5S3^ 534 

PACHYCREPts, 660 

Pachytyhis ciiieraacens, 293, 297, 298, 299, 
308 ; P, manmratu8t 298 ; P, migrator- 
ioklea\ 298 ; P. migratorius, 298, 299, 
308 ; nigro/aadatna, 285, 298 
Packard, on cave- Myriapods, 34 ; on air 
sacs of locusts, 283, 294 ; on classifica- 
tion, 173 ; on development of IHptax^ 
419 ; on xnay-flies, 430 ; on metamor- 
phosis of Lomhua, 497 ; on scales, 397 ; 
oil spiral fibre, 129 
Pad, 105 

i’aedogenesis, 142 

Pagenstecheron development of J/anfta, 247 
Palaeacrididae, 309 
Palacoblattariae, 239 


Palaedblattina domiUeit 238 f. 
Palaeooampa^ 78 
'Palaeodictyoptera, 486 
Palaeomantidae, 259 
Palaeontology, 178 
PaUteophlebia Superatea^ 427 
Palaeozoic, Myriapods, 76 ; Insects, 343, 486 
Pidemrihrua^ 80 

Palingenia bilineatay 430 ; P,feiat^nantelii^ 
443 ; /*. papxmva^ 441 ; 1\ virgo^ 431 
Palmen, on dragon-fly nymphs, 423 ; on 
Ephemeridae inflation, 439 ; on gills of 
Perlidae, 402 ; on rectal gills, 422 ; on 
tracheal system of immature Ephe- 
meridae, 436 
Palmon^ 546 
Pal inula, 105 
Palophiia centauru8f 275 
PalpareSi 454 
Palpiger,‘95 

Palpus, 95 ; of Pieria hraasicac^ 122 

Pamhilua^ 561 

Pamphagides, 303, 310 

Pamhlora viridut 229 

Panchlorides, 341 

Paucsthiides, S 4 I 

Paniacm virgaim larva, 555 f. 

PanorpUf 450, 453 ; leg, 104 ; P, com- 
muniSn 449 ; larva, 452 
Panorpatae, 176^ 453 
Panorpidoe, 449* 451 
Paiiiel on phonation of Cucullinera, 304 
Papiriidoe, 7.97 
Paradorm, 164 
Paraglos.sa, 95, 96, 96 
Parapenpatna^ 24 n, 

Parapteron, 100, 101, 102 
Parasites, 540 f., 543 ; external, 555 
Para|itica, 520, 521 
Parasitism, 521 f., 535, 559, 560 
Parthenogenesis, 141, 481, 497, 516 f. 

530 f., 547 ; utility, 517 
Passalidae, mandibles, 95 
Patagia, 102, 103 
Patagonia, 459 
Paunch, 348, 360, 446, 448 
Paurometabola, 158, 199 
Pauropidae, 33, 42, 4^ 

Pauropoda, >47, 57, 77, 79, ; structure, 62 

Pauropiia, 47 

Pazlavsky on bedeguar, 527 
Pedicell.'ite, 519 
Pedunculate body, 495 
Pelecinidoe, 563 
Pelecinus polyturator, 563 
Pelopaeua apinolae foot, 105, 106 
Perez on Tenues, 366, 382 
Perga lewiaii, 617 
Periblast, 149 

Pericardial septum, 134 ; sinus, 134 ; 
tissue, 135 

Peringueyelkt jocoaa, 325 
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PeripalmdeSy 24 n, 

PeripatopdiSy 24».. 

Peripatusy 1, 6 , 23, 77, 79 ; tracheae, 8, 
14, 16 ; aiiiuitiea. 4 ; external features, 

5 ; head, 6 ; tail, 6 ; colour, 6 ; jaws, 

7 ; legs, 8 ; habits, focxl, 9 ; breeding, 
10, 19 ; alimentary canal, 11 ; nervous 
system, 12, 22 ; body-wall, 13 ; muscle^ 
vascular system, 15 ; haeinoeocle, 22, 28 ; 
body-cavity, 16, 22 ; nephridia, 16, 17, 
22 ; reproductive organs, 18 ; develop- 
ment, 10, 19, 20, 22 ; species, \ dis- 
tribution, 24-26 

Periplaneta aimricanay 236 ; P. au^trah 
adcLey 221, 236, 239 
Periplanetides, 241 
Perisphaeriides, S 4 I 

PerlUy anatomy, 403 f. ; nymph, 400 ; 
P. cephnlotesy 406 ; P. maximay 400, 
406 ; P. parmnUy 399 
Perlidae, f. 

Perris on TmneSy 366, 374 

Petasiny 303 

Petiolata, 496, 503, Jjl9 

Petiolatc, 519 

Petiole, 492, 493, 519 

Petiolivcntres, 503, 519 

Poyrou on atmosphere in bodies, 131 

Peytoureau on styles of cockroacli, 224 

Pezo)nnchH.9y 556 

Phagocytes, 137, 165 

Phaneropterides, 323, SSfi . 

Pharynx, 114, 124 
Phasgonuridea, 311 
Phasmay 276 

Phasmidae, ^Oly 407, 560-278, 277 
Phasmides, 27S 
PhasinudeH ranatriformisy 324 
PhilopotamuSy 483 
Philoideritles, 346, 350 
Phonation, 200, 257, 302, 306 ; of Acri- 
diidue, 284, 304 ; of Locustidue, 318, 
319, 320, 324, 327 ; of (Iryllidao, 331 f. ; 
of Uryllotalpos 334 ; of Bmchylrypcity 332 
Phosphorescent Myriapods, 34 ; may-Jiies, 
442 

Phragiiia, 103, 491 

Phryuatuagrawlisy 422; P. /yt7o.9(%,pupa,477 
Phrygaiieidae, 398, f. 

Phryganeides, • 

Phylliides, 267, 278 

PhylliuiHy 262, 263, 267 f. ; P. crnri/oliumy 
269 f. ; egg-capsule, structure, 271 ; 
P. ifcytfiey 267, 268 ; egg, 270 ; P. ded- 

• /oliuvhy egg, 266 

Phyllodnmia germanicoy 229, 236; egg- 
capsule, 229 
Phyllodromiides, 240 
Phymaietuty 803 

Phytophagous Parasitica, 522, 546,547,657 

Pick, of death-watch, 391 

Pictet on nymphs of Ephemeridae, 433 


PUrUy palpus, 122 ; iustars, 166 ; para- 
sites 661 

Pigment, of iris, 98 ; retinal, 98 

Pillared eyes, 430 

Pimplay 653, 657 

Pimplides, 557 

Pitfalls of ant-lions, 456, 459 

Planipetmiay 342 

Plantula, 105 

IMatcau, on marine Myriapoils, 30 ; on 
digestion, 127 ; on sight, 416 
Platephemera antvjuay 423 
Platyblemmua litsilntiimsy 339 
Platydeis grisea, 312 
PlalycatmUy 413 ; peuni^ieny 418, 417 
Plaiyevanui edulisy egg, 265 
PlatygasteTy embryolog}% 536 
Platyptera, 174 
Platypterides, 259, 344, 428 
Plecoptera, 175y 407 
Plectoptera, 174^ 442 
Plectopterinae, 24I 
Pleura, abdominal, 493 
Pleurou, 88, 91, 100 
Plica of earwig, 209 
Pneumora sculelfarisy 302 
Pneumorides, 299, 302, 30!) 

Pocock on Myriapods, 33, 80 
Podacanthm wilkinsoniy 272 
PodagrioHy parasitism of, 546 
Podeou, 491 

Podaray 194 ; P. aquaticHy 194 
Poduridae, 100 
PoccUimon ajinisy 200 
Poisers, 108 

Poison -claws, 36, 58, 60 

Poletajewa, Olga, 011 dorsal vessel,. 133 ; 

oil Otloiiata, 411 
Pdisfes lanioy parasite of, 564 
Polyveiiti'opuHy 483 
Polydesmidae, 34, 36, 4'h "6 
Polydesmoidea, SO 
PolydesnuiSy 36, 39, 44 
Polymitarrysy 440 
Polymorphism, 500, 536 
Polynema nalansy 638 
Polynephria, 175 
Polyxenidac, 53, 59, 77 
PdyxenifSy 33, 37, 48, 55, 72 ; transverse 
section, 66 ; sense-organ, 61 
Polyzoniidae, 44* 

Polyzoniumy 44, 48 
Pamphofyx dimftrpkOy 518 
Pompilides, 494 
Ponihetisy 280, 282 
Post-clypens, 93 

Post-embryonic development, 154 
Poet-scutelluin, 100, 101 
Patmmnihusy 433 
Potts on Manlisy 249 
Poulton on PaniscuHy 556 
Praesciitum, 100, 101 
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Prami; 550 

Pratt, on imagiiinl discs, 1 07 

Praying Insects, 242 

Preslt^chia aquatica, 538 

Primary larva, 542 

i’rimary segmentation, 150 

PrisopuSf 272 

Procephalic lohes, 97, 100 

Prochilides, 3^8 

Prochilua austraiia^ 324 

Proctodaenin, 123, 151 ; in Muaca, 124 

Proctotrypidae, S33-538 * 

Production of sex, 499 
Pro-legs, 614 

l^onotal wiiig-nuliments, 344, 395 

Pronotum, 88 , 100 ; of Xylocopa^ 490 

Pronyinph, 164 

Propleiiron, 100, 489 

Propodeon, 491 

Propodeiim, 491, 492 

Proscopiides, 299, 309^ 325 

ProaopUtoma p\inct\frmai 430 

Prostemmatic organ, 190 

lYostenmin, 88 , 100 ; of Vespa cm6ro, 491 

Protection, 513, 515 

Protepheinerides, 443 

Prothoracic dorsal appendages, 443 

Prothorax, 102 

Protoblast, 149 

Proto-cerebron, 118 

iVotcKtranium, 92 , 93 

ProtodoiiatCM, 428 

l^toperlidae, 408 

Protosyiignatha, 76 

Prototracheata, ix, 4 

Proventriculus, 114 , 124 , 125, 450 

Pmlia americana, 215 

Psectra dislra, 466 

Pselapsoguatha, 43 

Psenides, 524, 533 

PseudoglouMrU fomicatay 230 

Pseudoneuroptera, 342 

Pseudonychium, 105 

I'sendophyllides, 328 

P.scudo-sessile, 493 

Psewiotremiay 34, 35 

Psilocnemis dUatipeSy 413 . 

Psocidae, 390 f. 

Psocua faacmtu8y 390 ; . P* hetenmiorph'tiay 

391 

Ptei^omalini, 639 

Pterfmarcya frigiday 398 ; P. regaliSy 402 
PteropiliatiiSy 331 
l*terygogenea, 175, 196 
Pulvillus, 105 

Pupa, 157, 169 ; active, 448, 465, 473, 479 
Pupation, of Chalcididae, 550 ; oi ^acyrtusy 
646 ; of Proctotrypids, 534, 030 
Pupipara, 143 
Pygidicrana hugdiy 202 
Pygidinm, 205 
Pylorus, 127 


Pyramids of Kgypt, 462 
Pyrgovmntia aingularisy 262 
J^yrgomorpha gryUoideSy 808 
Pyrgomorphides, 303, 309 

Qubjbn, 144, 361, 878 

Radial cell, 524 

Paphiduiy 44? ; R, mtata, 447 ; larva, . 

448 

Raphidildes, 444, 447 
Raptorial legs, 242 f., 257, 463, 484 
Ratzeburg, on Amuialmy 553 ; on tro- 
chanter, 520 

Ravages of Termites, 388 
K4aumur, on ant-lions, 455 ; on' circula- 
tion of silkworm, 135 ; on galls, 525 ; 
on may-dies, 438, 441 ; on snwfiies, 
512, 513 ; on spheroidal condition, 164 
Receptaculiim scminis, 139, 404 
Rectal, gills, 421 f. ; respiration, 435 
Rectum, 125 

Redtenbnchor, on migratory locust, 297 ; 
on wing, of Oiigotmmy 363 ; of Tennes, 

369 

Rcduviid egg, 146 
KeHex action, 250 

Reproduction of lost parts, 213, 265, 

266 

Reiiroductive organs of Ephemoridao, 439 
Resemblance, of eggs to seeds, 265, 270, 
271 ; of one part to another, 208 , 266 ; 
of parasite to host, 532 ; histological, 
271 ; of Trichoptern to moths, 484 ; to 
bark, 261 ; to flowers, 254, 255, 266 ; 
to inorganic things, 253, 304, 307 ; to 
leaves, 255, 267, 268, 322 f., 323 ; to 
lichens, 253 ; to other creatures, 235 ; 
to other Insects, 197, 215, 2.‘^5, 251, 
274, 300, 301, 323, 324, 604, 513, 560 ; 
to vegetation, 200, 260, 274 
Respiration [and resjiiratory organs], 128- 
132, 431 ; by integument, 483 ; by 
setae, 436 ; of nymphs of Odonatu, 
420 f. ; of Perlidae, 401 f. 

Respiratory chamber, 431 
Hetinula, 98 

Reuter on ventral tul>e, 192 
Rhabdom, 98 
lihipipleryxy 337, 338 
Rhiwtrogua egg- tubes, 138 
Rlmlitea roaaey 498, 527, 688, 531 ; larva, 
682 ; parasite, 639 
RliyacophiUdes, 433 
RJiyacophylaXy 482 
Rhynchota, 175 
Rkypardbui vwdemSy 237 
lilvyaaa perauastynOy 554 
Riley, on cnliriflcatioii, 549 ; on CepUvSy 
505 ; on development of CalopUnuay 2C8, 
280 ; on galls, 526 f. ; on Katydids, 
320 ; on locnst swarms, 293 ; on Micro* 
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centrum^ 813 ; on ovipositing of locust, 
290 ; on subimago, 487 ; on ThcUesaa, 

5M 

llitsema on Enoicyla^ 481 
Ronalds on anglers* dies, 441 
Roux on NecrophiluSt 462 
Royal pairs, 877 
RUhl on earwig, 213 

Sacs — see Air Sacs 
Sagides, S28 

Salivary glands, 124 , 126, 187, 210, 228, 
246, 283, 885, 348, 353, 403, 414, 495 ; 
of Penpatust 11 ; of Myriapods, 48, 

49 

Salivary receptacle, or reservoir, 126, 228 , 
246, 336 , 848, 360 
Sanatoria (Orthoptera), 20 J 
Sandwich Islands — see Hawaiian Islands 
Saunders, Sir Sydney, on Sclerotlermu, 
536 ; on oapridcation, 548 
Saussure, H. de — see He Sanssjire 
Savage on I'erinites, 868 
Saw, 493, 612 
Sawdies — see Teiitliredinidae 
Scales, 185, 180, 397 
Scapieriacm^ 334 
iScelmentif 301 

Schindler on Mul]^ighinn tubes, 246 ; of 
QryUotaJpd^ 335 

SchUtocercd, pertyrina^ 208 j development, 
287 ; iV. mnericaw!^ 298, 308 
^'hizodf fctylus mmistroaus, 326 
Scliizophtlialini, 459 

Sehizotarsia, 35, ^6*, 57, 58, 70, 75 ; struc- 
ture, 59 

Schlctterer on parasitic Hyineuo])tera, 502^ 

ms 

Sclerite, 91 
ScUrodenmif 536 
Scvluif ovaries, 138 
8colopendra^ 30, 31 , 32, 41, 78 
Scolopendrella, 47, 61 
Scolopendrellidae, 33, 42, 46 
Scolopcudridoe, 31, 33, 39, ^'7, 75 ; sjx^r- 
matoydiores, 39 ’ 

Scorpion-dies, 449 f. 

Scuilder, on grasshopper music, 287 ; on 
Katydids’ music, 320 ; on locusts at 
sea* 297 ; on reproduction of lost limbs, 
265 ; on fossil Insects, 486 ; on fossil 
earwigs, 216 ; on fossil may-dies, 448 ; 
on fossil Sialidae, 449 ; on Tertiary 
Insects, 179 
Scutcllnm, 100, 101 
8cutiyem, 36 , 36» 48 ; sense organ, 61 
Scutigeridoe, 35, 36, 40, 50 

Scutum, 100, 101 
Secondary, 427, 472 ; larva, 642 
Securifera, 503 

Segmentation, 149, 237 ; of ovum of 
Smicra, 546 


Segments, 88, 90 ; numljcr of, 87 

Selys, De, on dragon-dies, 425, 427 

Semi-pupa, 497 

Sense organs, 121-123 

Senses, 541, 544, 553 

Sericostoraatides, 474* 482 

Series, 177, 201 

Serosa, 148 

Serrifero, 503 

Sessile abdomen, 493 

Sessiliventres, 492, 496, md 

Sex, 498, 499, 500 

Sexes, 137 

Sexual organs, external, 141 
Shaw on Orthoptera, 201 
Sialidae, 407, 444 
Sialides, 444 

Sialia lutaria^ 444 ; eggs, 445, larva, 446 , 
tracheal gill, 446 
Silk, 127 

Silo, parasite of, 668 
Silurian Insect, 238 
Silver dsh, 186 

Simple eyes, 97, 184 — see also Ocelli 
Sinel, 011 marine (/enphilns, 30 
Siphouaptcra, 174* 175 
Sirex, habits of its parasite, 554 ; S. aur/ur, 
509 ; S, yiycM, 608, 510 ; S, jtmnma, 
508 

Siricidae, 507 ; i)arusiteH of, 563 
Siricides, 510 

Siayra, 467 ; S,/tMmfa larva, 467 
Sisyriiia, 4^7 

SiUtria hninemlia, early stages, 169 
Sloane, Sir Hans, on locusts at sea, 297 
Smallest Insect, 537 

Smeathman on Termites, 366 f., 381, 383, 
387 

Smicra claripra embryology, 545 
Smith, F., ou Cynipa, 530 ; on Trigonalya, 
564 

Smyiithuridae, 191 
Smyntkurm variegatus, 191 ; S, 

192 

Snow-Insects, 194 

Social, Insects, 85, 361, 369 ; Hymenoptera, 
488, 50Q f. 

Soldiers, 370, 871, 372 
Hoinites, 87 

fiomruBT on Afacrotoma, 163, 195 
Soothsayers, 242 

Sound production, 358 — see also Phona- 
lion 

SpaJthiua, 561 

Species, number of— see Number 
Spencer, Herl)crt, 011 caste and sex, 500 
Spermathcca, 139, 228, 499 
Spermatophores, 10, 39 
Spermatozoa, 140 
Spheteropaocus kunowii, 897 
l^haarAhxrium, 48 
Sph^x chryaia, 490 



582 


PERIPATUS— *MYRIAPODA— ^INSECTA 


Spiders eaten, 4G4, 465^ 

Spinneret, 458 * 

Spinners, 441 

Spiracles, 89, 111, 128 ; nnmber of, 186 ; 
of dragon-dy nymph, 423 ; absent, 436 
— see also Stigmata 
Spiral fibre, 128 

SpoTigilla fluviatilis, larva in, 467 
Spontaneous generation, 525 
Spring of Collembola, 191 
Spurs, 104 
Stadium, 155, 158 
. Stalked, cocoons, 660 ; eggs, 469 
St. Augustine quoted, 85, 565 
Stein on Raphidut larva, 448 
Slelis, parasitic, 544 ; parasitised, 543 
Stem sawflies, 504 

Stc'hiihothruB^ 308 ; sound > iustniinents, 

284 

Stcuodictyopterides, 

^tenopelmatides, 321, S:^D 
StenophasiMis ruficepSt 661 
Stenoph)/Ha cnmigerat 257, 268 
Stephanidae, S61 
Stephanus, 562 
Sternum, 91, 100 
St. Helena, 380 
Stick-Insects, 260 
Stigma of wing, 524, 584 
Stigmata, 88 , 89, 111, 204 ; position, 493 
on bea<l, 193 ; S. repugnatoria, 36 — see 
also Spiracles 

Sting, 493 ; and ovipositor, 534 
Stink-flies, 460 

Stink-glands, 31, 125, 210, 264, 335 
' Stipes, 95 

Stoll on spectres, etc., 254 
Stomach, 114, 124, 125 
Stomato-gastric nerves, 120, 121 . 
Stoniodaeuin, 123, 151 
Stone-flies, 407 

iStnUiomya strigoaa parasite, 546 
Stridulation, 304— see also Phonation 
Stummev-Trauiifela on Tliysanura and 
Collembola, 189 
St. Vincent, island of, 461 
Stylo-s, 224, 238 

Stylopyga urientaliSy 223, 228, 231, -236 

Sub-iinago,^429, 437 

Sub-Order, 177 

Subiilicornia, 4SSG 

Snckiug spears, 466, 467* 470, 471 

Suctorial mandibles, 458, 456 

Super-Orders, 177 

Supplementary Ichneumott-flies, S68. 
Supra-oesophageal ganglion, 117* 

Sutures, 92 

Swarms ; of locusts, v292-299 ; of may-flies, 
441 ; of Termites, 362 y 

Sympathetic nervous system, 120 ; absent, 
368 

voWft, 465 


Sympbyla, 42, 46^ 77, 79, 80 ; structure, 
61 

Symi^yta, 503 
Sympycmfu8cay4\h 
Synaptera, 175 
Synergua^ 531 
Syngnatlia, 44 

TananX, 819 
Tarachodea lueubrana, 249 
Tarsus, 88, 104, 106 
Tatehenberg on parthenogenesis, 141 
Tausendflisse, 41 
Teeth, 95 

Tegmina, 108 ; Icaf-like, of Pterochmsa, 
322 ; of crickets, 331 ; of earwigs, 206, 
212 ; of Phylliumi 269 ; of Schizmiac' 
tyluSf 325 
Tegula, 103, 108. 

Teleganodea, 442 • 

Telson, 205 
Temples, 94 

Templeton on LepijnnOy 195 
Tendons, 116 
Tcnthredinidae, J/f?-51S 
Tenthredo sp., 489 ; testes, 140 
Tentorium, 99 

Tepper on fossorial Blattid, 241 
Tewbrnntia, 5^0 
Tergum, 01, 100 

Termea^ 878, 880 ; 7*. luci/ugns, 869, 360, 
364, 366, 373, 374 ; T, moasambivMSf 866 ; 
T, hellicoaua^ 366, 871 ; trophi, 367 ; cell 
of, 867 ; T. oceidentia, .371 ; T. anniger, 
371 ; T, tenuis, 389 ; T, cingulatua, 371 ; 
T. diruSf 371 ; T.debilia, 371 ; 7*. rmrum, 
383 

Temiitarium, 886, 387 
Termites, 357 f. ; distinctions from niit.s, 
502 ; wings, 369 ; anatomy, 360 
Termitidae, 356 ; number of specie.s, 
389 

Tertiary, 196, 216, 239, 276, 309, 340, 
398, 427, 442, 449, 453, 472, 485, 533, 
551, 558 

Te.stes, 18,49, 140, 404, 440 ; of P.soci(lae, 
892 ; of SlUopyga orientalia, 22K 
Telrdphtkalmua cJiUenais, 846 
Tettigides, 299, 800, 309 
Teltix hipunctatua, 800 
Thfdma larva, 607 ; oviposition, 664 
Tkastmatfia, 485 
Th^mnotrizon aptmiSf 816 
Theda egg, 146 . 

Thelyotoky, 141, 498 
Thermd>iafwnonmy 186 

310 

Thoracantha latreilUi, 660 
Thorax, 99-103, 101, 108 
Thorax wing, 227 

thyraophorua, 895 
Thysanoptera, 173 
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Thysanura, 182 f.; distinctions from 8ym- 
phyla, 61, 77, 79 
Tibia, 88, 104 
TiU^ia elongatus laiTo, 90 « 

Tinodea^ 483 

Tilanophasmafayolif 876 , 428 
Tmnuterea citrinua, 458 
Tomognathua, 498 
Tongue, 96— see also Lingua 
Toryinidefe, 647 

Tocodera, 253 ; T, denticHlatn, 204 
Trabeculae, 345 

Tracheae, 128; absent, 553, 55f> 

Tracheal gills, 400 f., 401 — see also 
Branchiae 

TrcTtiex colu7nla, 007 
Trias, 449 
Triassic, 239 
Trichijulus^ 70‘, 80 
Tfklwdzctta^ 350 ; T. 849 
Trichoptera, 5^-?, 478 f. 

TridiostegiUt 480 
Tricoryth%ia^ 434, 486 
UVidactylides, 340 
Tridariylva mnegatust 887 
Trigoiiaiidae, 6 G 4 
Trigniwlya imeulifrons, 864 
Trigonidiides, S 40 
Trimen on Tr<iehypetm hv/Of 304 
/rrinhlad, 501 
Trinoton luridum, 840 , 347 
Trito-cerebron, 118 
IVochanter, 88 , 104 , 491 , 494, 080 
Trochaiitin, 104 ; of cockroach, 282 
Trophi, 91, 94 
Tryphoiiides, 667 
Tryxnlidfs, 303, 300, 325 
Tryxidia naaut/t, 279 
Tubulifera, 520 
Tynipaiiophoridc-s 328 
Tynipaiiuin, 280 f. 

Tyiididl oil grasshopper music, 286 

Ulloa, 33 
Uroceridae, 507 

Useless wings, 199, 394, 484, 561 
Uterus, 18, 898 

Vaous nervous system, 120 
V'aii llees on ipetamorphosis, 162, 164 
Variation, 536 ; of colour, 252, 288, 304, 
308 ; in desert Insects, 305 ; in ocelli, 
267, 395, 536 
Vatides, 250 

Vas deferens, 18 , 140, 187, 892 
Yayssiere, on nymphs of Ephemeridae, 434 ; 

on lingua, 438 
Veins, 206 

Ventral chain, 116, 187.; 414 ; of Perlidae, 
404 

Ventral plate, 148 ; tube, 191, 198 . 
Verhoetf, 38 


Verlooren on circulation, 436 
Vertex, 94 

Vesicula seminal is, 140, 898 ; aUsent, 404, 
414 

Vespa crabro prosteniuin, 4 OI 
Vestibule, 112 

Viallanes, on heail, 87 ; on l)rain, 118, 
/ 119; on inetamorphosi.s 162 
Visceral nervous system, 120 
Vitellopbags, 147, 152, 168 
Viviparous Insects, 217, 229, 143, 

218 

Voetgaugers, 2i)5 f. 

Vom Kath on sense organs, 122 
Voracity, 250, 258 
Vossclcr on .stiuk-glaiids, 210 

Walkeii, J. J., on Australian Termites, 
386 

Walking-leaves, 267 

Walking on perpendicular and smooth 
surfaces, 106 ^ 

Walsh on galls, 531 

Wasniaim on St. Augustine’s works, 565 
Wattenwyl, Brunner von —sec Brunner 
Weismann, on caste, 500 ; on meta- 
morphosis, 162, 166 ; on imughial discs, 
167 

Westwood, cui Forjicxda, 204 ; on Ilelico- 
mitus larva, 460, 461 ; on LachesiUa, 
895 ; on Sderoderma, 536 
Weta-punga, 326 

Wlieeler, on Mal])ighiau tubes, 127 ; on 
embryology of Orthoptera, 199 ; oii 
embryology of Xiphidium, 321 ; on 
vitellopliugs, 147, 152, 168 ; 011 seg- 
mentation, 150 ' 

White ants, 356 — see Termites 
Wielowiejski 011 blood-tissue, 133, 137 
Will on brain of Aphididae, 118 
Wingless ; caddis- Ay, 481 ; earwigs, 205 ; 
Insects, 345, 352, 356, 451, 488, 536, 
547 ; wingless Psocidae, 394 f. — see also 
Apterous 

Wings, 107 ; origin aud function, 394 ; of 
Blattidue, 225 f. , 887 ; development of, 
in locust, 288 ; in Trichoptcra, 479, 480 ; 
of dragou-fly, 41 3 ; of earwigs, 206 ; 
of Xphemem, 481 ; growth of, 418 ; 
of Ichneumon ahd liracxm, 509 ; pos- 
terior absent, 466, 485 ; wing-hooks„ 
494 ; veins, 107 — see also Tegmina and 
Alar Organs 
“ Wire-worm,” 29, 36 
Wistiugbauseu on tracheae, 129 
Wood - Mason on Cotylosoim^ 272 ; on 
xnandibles, 95 ; on Mantidae, 251. t.53 ; 
on OHgotoma, 352; on phonation of 
Mantidae, 258 

Woodworth on embryology, 146, 163 
Workers, 361, 37.4, 488, 495 
Wyandotte Caves. Myria|j»o4s in, 34 
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Xambbu on Pahnon^ 546 
Xerophyllum simile, 801 
Xiphidium pia\feTum, 321 
Xiphocera asim, 808 
Xyldbius, 73, 76^ 80 

Xylocopa, 494 ; metamorphosis, 170 ; pro- 
notum, 490 

Xyphidriides, 607 f., 610 


Yolala, 298 

Yolk, 19, 64 , 146, 162, 546 

Zbphroniidaf^ 43, 80 

Zimmermaun on caudal respiration, 486 

Zittel, figure from, 276 

Zygaena embryo, 101 

Zygopterides, 4-^7, 4^6 ; nymphs, 422 


END OP YOU y 


Priutadhy R. K R Clark, LrMiTSD. Edinhntgh. 
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WORMS, LEECHES, ETC. 

VOLUME II 

^ Flat Worms. By F. W. Gamble, M.Sc.Vict., Owens College.— Nemertines. 
By Miss L. Sheldon, Newnham College, Cambridge.— Thread-worms, etc. 
By A. E. Shipley, M.A., Fellow of Christ’s College, Cambridge.— Rotifers. 
By Marcus Hahtoq, M.A. Trinity College, Cambridge, D.Sc.Lond,, Professor 
of Natural History in the Queen’s College, Cork. — Polychaet Worms. By 
W. Blaxland Benham, D.Se., Hon. M.A. Oxon., Professor of Biology in 
the University of Otago.— Earth-worms and Leeches. By F. E. Beddaud, 
M.A. Oxon., F.P1..S., Prosector to the Zoological Society, London.— Gephyrea. 
etc. By A. E. Shipley, M.A., Fellow of Christ’s College, Cambridge. — 
Polyzoa. By S. F. Harmer, Sc.D., F.R.S., Fellow of King’s College, Cambridge, 

CAMBRIDGE REVIEW.—** Several of the groups treated of in this volume are 
unknown by sight oven to the general rcailer, and possess no ])opular name what- 
soever ; and as only a few insignificant details are known of the habits of the 
animals composing them, their treatment in the volume before us has necessarily 
been to a largo extent anatoniical. This cirRumstaiiee nmders the book of espei-ial 
value to students, more xiarticularly as in some cases the articles on the groups in 
question are the first comprehensive ones dealing with their respective subjects. . . . 
Most of the articles are of a very high order of merit — taken as a whole, it may be 
said that they are by far the best which have as yet been published. ... Wo may 
say with coniidcuce that the same amount of information, within the same compass, 
is to be had in no other zoological work.** 

NA TURAL SCIENCE. —“This second volume of the Cambridge Natural History 
VS certain to prove a most welcome addition to English Zoological literature. It 
deals with a series of animal groups, all deeply interesting to the specialist in 
morphology ; some important from their economic relations to other living things, 
others in iheir life-histories rivalling the marvels of fairy-tales. And the style in 
which they are hero treated is also interesting ; history and the early observations 
of the older writers lend their charm ; accounts of habits and mode of occurrence, 
of life, in a word, from the cradle to the grave, are given in ample detail, 
accompanied by fiill references to modern and current literature. The whole is 
admirably illustrated.” 



SHELLS 

VOLUME III 

Molluscs and Brachiopods. 

Hy the Rev. A. H. Cooke, M.A., A. E. Suielky, M.A., and E. R. C. Reed, M.A. 

TJMFS,—** ThevQ are very many) not only among educated people who take 
an interest in science, but even among specialists, who will welcome a work of 
reasonable compass and handy form containing a trustworthy treatment of the 
various departments of Natural History by men wdio are familiar with, and 
competent to deal with, the latest results of scientific research. Altogi^ther, to 
judge from this first volume, the Cambridge Natural History promiaos to fulfil all 
tho expectations that its prospectus holds out.*’ 

FIJkLI).’ We know of no book availablo to the general reader which affords 
such a vast fund of information on tho structure and habits of molluscs." 

KNO WLEDGE, — *^ If succeeding volumes are like this one, the Cambridge Natural 
History will rank as one of the finest works on natural history ever nublishcd." 

A THENJEUM. — ** Tho series certainly ought not to be restricted in its circula- 
tion to lecturers and students only ; and, if the forthcoming volumes reach the 
standard of the one here under notice, tho success of the enterprise should be 
assured." 

INSECTS AND CENTIPEDES 

VOLUME V 

Peripatus. ByAnAMSEDowicK, M.A.,E.R.S. — Myriapods. ByF. G. Sinclair, 

M.A. — Insects. Part I. By David Sharp, M.A. Cantab., M.B. Kdin., F.R.S. 

FIELD.—'' Allbough written for the student and the specialist, the book is not 
the less adapted to all intelligent readers who wish to make themselves thoroughly 
acquainted with tho habits, structure, and tho modern classification of the animals 
of which it treats. To such it cannot be recommended too strongly." 

SCIENCE OOSSIP.—*' Every library, school, and college in the country should 
possess this work, which is of the highest educational value." 

Prof. RAPHAEL MELDOLA, F.R.S., F.C.S., in his PresideTUial Address to the 
EntOTtwlogical Society of London^ said: — *‘The authors of this volume are certainly 
to be congratulated upon having fhrnished such a valuable contribution to our litera- 
ture. When its successor appears, and I will venture to express tho hope that this 
will be at no very distant period, we shall be in possession of a treatise on the 
natural history of insects which, from the point of view of tho general reader, will 
compare most favourably with any similar work that has been published in the 
English language." 

ENTOMOLOQISrS MONTHLY MAGAZINE.--" venture to think the 
work will be found indispensable to all who seek to extend their general knowledge 
beyond the narrowing influence of exclusive attention to certain orders or groups, 
and that it will take a high position in 'The Cambridge Natural History’ series." 

INSECTS— Part II 

VOLUME VI 

Hymenoptera corUinvM (Tubulifera and Aculeata), Coleoptera, Strepsiptera. 

Lepidoptera, Diptera, Aphaniptera, Thysanoptera, Hemiptoa, Anoplura. 

By David Sharp, M.A., F.R.S. 

SATURDAY REVIEW. — “Dr. Sharp’s treatment is altogether worthy of the 
series and of his own high scientific reputation. But in a work of this sort it is 
not only necessary that information should be accurate, but also that it shall be 
presented to tho eye, so far as illustrations and printing are concerned, in such a 
lyay as to render its matter as easily intelligible as possible, and readily usable 
for purposes of reference. Under both thesoncads we nave nothing but commenda- 
tion for Mr. Sharp’s treatise. The illustrations are indeed beautiful, and tho uso 
of the heavy typo for tho headings of tho various sections and leading paragraphs 
materially helps the reader in tho progress of his study. Certainly this is a book 
that should be in every entomologist’s library.” 

DAILY NEWS. — “It would be hard to say too much in praise of this most 
admirable volume. It is too often tho case that scientific books arc written in a 
dull and uninteresting style. The reader will find nothing of that kLid to complain 
of here. Thodescriptions are clear, the illustrations are excellent ; while, as in the 
previous volumes of the series, printing and paper are all that could be desired.” 



LITERATURE. — **Wo may confidently expect it will take a similar nosition 
to thyat which Westwood’s Introduction has so long occupied, . . . An innnonae 
amount of well-selected matter, much of which is by no means easy of access, has 
been brought together and made available for instant reference by an index extend- 
ing over twenty-four pages, in double columns.” 

AMPHIBIA AND REPTILES 

VOLUME VIII 
By Hans (Iadow, Al.A., 

FIELD. — “The work is worthy of tlie series in which it a]H)ears, and we can- 
not give it higher praise.” 

i^CIENCE GOSSIP . — “More than maintains the high scicntilic roimtation of 
this series. The herpetologists, or students of the Amphibia and Kepti Ics, have now 
a standard work of the highest class.” 

LANCE2\ — “An account of both Amphibia and Reptiles which should satisfy 
the expert, and at tlie same time entertain the reader who is merely interested in 
the tit-bits of natural history. ... A book full of accurate information and pleasant 
reading.” 

MORNING POST. — “ A delightful as well as a serviceable book. . , . Herein 
perhaps lies the great charm and merit of Dr. Gadow’a book, that, while satisfying 
all the inquirie.s of the studen^ it is also in great part written for the ordinary 
intelligence, and the naturalist in the crowd may, while necessarily gliding over dis- 
tressing technicalities, find in its pages many hours of profitable and entertaining 
study of the habits of the classes under notice.” 

NATURE. — “ In concluding the review we would express the opinion that by 
this handsome volume a very important addition to science has been ‘made; that 
the beautiful illustrations, together with the clear and charming accounts of the 
life-histories which it contains, will do much to popularise the study of a rather 
neglected soctiou of zoology ; and that lovers of Reptiles, of which there are; moro 
than one generally thinks, will feel that the new knowledge imparted to them 
emanates from one who is thoroughly in sympathy with their enthusiasm.” 

BIRDS 

VOLUME IX 

By A. H. Evans, M.A., Glare College, Cambridge. With numerous lllustraliuns 
by G. E. Lodoe. 

IBIS. — “ Mr. Evans has produced a book full of concentrated essence of informa- 
tion on birds, especially as regards their outer structure and habits, and one that 
we can cordially recoiuinond as a work of reference to all students of ornithology.” 

NATURE NOTES. — “ We venture to predict that, of the ten volumes of which 
this excellent series is planned to consist, none will secure a wider popularity than 
Mr. Evans’s treatise on birds. Strange as it may appear, among the many books 
on birds that have appeared of late years, we do not recall any that covers the same 
ground. . . . We are grateful to the author for the mine of valuable information 
which he has crowded betw^een his two covers.” 

SCIENCE GOSSIP. — “General readers will find this work most useful in 
obtaining a proper understanding of birds, and will be assisted by the etluetive 
dia^am of a hawk in the introduction, showing the recognised names of every part 
of tiio exterior appearance. The expressions used in iiaming the various portions 
are fully explained on the adjoining page. As we have already said, the illustra- 
tions are admirable. The book is a useful addition to any library, as it treats of 
nearly every known kind of bird throughout the world.” 

SATURDAY REVIEW, — “The expert and the novice alike must be at once 
delighted by the accuracy and the beauty of the illustrations. . . ' . It is astonish- 
ing to note the mass of information the author has been able to bring together. . . . 
\Yith a little practice any observant person would soon learn by the help of this 
volume to track down any bird very nearly to its ultimate place in classification.” 

LITERA TURE. — “ The classification — in the main that of Dr. Hans Gadow—is 
admirable. . . . The general account prefixed to the Orders and Sub-Orders is 
excellent ; the illustrations, drawn for the greater part by Mr. Lodge, are admirably 
characteristic. 4 In a serviceable introduction the author has shortly dealt witn 
feathers, coloiy, moult, stmeture, and the leading tacts of migration. The book, 
as a whole, is a retlee.tion of conscientious and accurate labour. . . . The accuracy 
of the work is beyond all challenge.” 
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